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This appIicationisacontinuation-in-partofAustralian application PP 13 56/98 filed 15 January 1998 
andPCTapplicationPC^^^ 

to the extent that there is no inconsistency with the present disclosure. 
FIELD OF THE INVENTION 

The present invention relates generally to novel genetic sequences encoding receptor polypeptides 
and msecticidal modalities therefor, which insecticidal modalities are based upon non-polypeptide 
insect hormones and their receptors. More specifically, the present invention provides isolated 
nucleic acid molecules encoding polypeptides comprising functional steroid honnone and juvenile 
hormone receptors, in particular isolated nucleic acid molecules which encode polypeptides 
comprising the Lucilia cuprina and Myzus persicae ecdysone receptors and juvenile hormone 
receptors. In a particularly preferred embodiment, the present invention relates to isolated nucleic 
acid molecules which encode the L. cuprina and M. persicae EcR polypeptide subunits and EcR 
partoerprotemCUSPpo^ 

and to the L. cuprina and M. persicae USP polypeptide of the juvenile honnone receptor The 
present invention further relates to the production of functional recombinant insect receptors and 
recombinant polypeptide subunits thereof and derivatives and analogues thereof. The present 
invention further relates to the uses of the recombinant receptor and isolated nucleic acid molecules 
of the present invention in the regulation of gene expression. The present invention further relates 
to screening systems and methods of identifying insecticidally-active agents which are capable of 
agonisin g oranta g onisinginsectrece P torfunction,suchasmoleculesan^ 
with steroid receptors or juvenile hormone receptors so as to modify the affinity of said receptors for 
their cognate ^-acting response elements (e.g., insect steroid response elements, juvenile hormone 
response elements) in the genes which they regulate, or alternatively or in addition, which modify 



the affinity of said receptors for their cellular stimuli (e.g., insect steroids or juvenile hormones) or 
analogues thereof, or alternatively or in addition, which act as insecticides by virtue of their ability 
to agonise or antagonise the activity of insect hormones, such as by mimicry of a ligand which binds 

to saidreceptororaligand-bindingregionthereof. The invention further extends to such compounds 
5 and/or ligands. 
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This specification contains nucleotide and amino acid sequence information prepared using the 
program Patentin Version 2.0, presented herein after the bibliography. Each nucleotide or amino 
acid sequence is identified in the sequence listing by the numeric indicator <210> followed by the 
sequence identifier (e.g. <210>1, <210>2, etc). The length, type of sequence (DNA, protein (PRT), 
etc) and source organism for each nucleotide or amino acid sequence are indicated by information 
provided in the numeric indicator fields <21 1>, <212> and <213>, respectively. Nucleotide and 
amino acid sequences referred to in the specification are defined by the information provided in 
numeric indicator field <400> and the sequence identifier (eg. SEQ ID NO.l, SEQ ID NO:2, etc). 

Thedesignationofnucleotide residues referredto herein are those recommended by the IUPAC-IUB 
Biochemical Nomenclature Commission, wherein A represents Adenine, C represents Cytosine, G 
represents Guanine, T represents thymine, Y represents a pyrimidine residue, R represents a purine 
residue,MrepresentsAdenineorCyto^^ 

or Cytosine, W represents Adenine or Thymine, H represents a nucleotide other than Guanine, B 
represents a nucleotide other than Adenine, V represents a nucleotide other than Thymine, D 
represents a nucleotide other than Cytosine and N represents any nucleotide residue. 

Bibliographic details of the publications referred to in this specification are collected at the end of 

25 the description. 

As used herein the term "derived from" shall be taken to indicate that a specified integer may be 
obtained from a particular source albeit not necessarily directly from that ; 
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: source. 
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Throughout this specification, unless the context requires otherwise, the word "comprise", or 
variations such as "comprises" or "comprising", will be understood to imply the inclusion of a stated 
step or element or integer or group of steps or elements or integers but not the exclusion of any other 
step or element or integer or group of elements or integers. 

Those skilled in the art will appreciate that the invention described herein is susceptible to variations 
and modifications other than those specifically described. It is to be understood that the invention 
includes all such variations and modifications. The invention also includes all of the steps, features, 
compositions and compounds referred to or indicated in this specification, individually or 
collectively, and any and all combinations or any two or more of said steps or features. 

The present invention is not to be limited in scope by the specific embodiments described herein, 
which are intended for the purposes of exemplification only. Functionally-equivalent products! 
compositions and methods are clearly within the scope of the invention, as described herein. 

BACKGROUND TO THE INVENTION 

International Patent Application No W091/13167 (applicant, The Board of Trustees of Leyland 
Stanford University, and hereinafter referred to as W091/13167) describes the identification, 
characterization, expression and uses of insect steroid receptors and DNA sequences encoding same' 
and, in particular, the identification, characterization, expression and uses of the steroid receptor of 
the common fruit fly, Drosophila melanogaster. 
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It has been found by the present inventors that the limited homology between the D. melanogaster 
steroidreceptor-encoding gene sequences and the steroid receptor -encoding sequences derived from 
other insects, in particular those derived from diptera such as the Australian sheep blowfly L. 
cuprina, hemiptera such as aphids, scale insects and leaf hoppers, coleoptera, neuroptera, 
lepidoptera, and ants, as well as from helminths and protozoa, prevents the routine isolation of DNA 
sequences encoding steroid receptors and/or juvenile hormone receptors from these latter-mentioned 
organisms. 
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Moreover,thepresent^^ 

in W091/13167 is temperature-sensitive, showing reduced activity at temperatures above 30°C 
such as at temperatures about 3TC, particularly at low concentrations of the receptor. Accordingly! 
the D. melanogaster steroid receptor described in W091/1 3 1 67 is of limited utility at physiological 
temperatures applicable to animal or bacterial cells. Moreover, wherein it is desirable to produce a 
biologically-active steroid receptor using /* vivo or in situ expression systems, which expression 
systems routinely utilise cells or tissues in the temperature range of about 28°C to about 42°C, the 
D. melanogaster steroid receptor is also of limited utility. 

In work leading up to the present invention, the present inventors developed a novel screening 
protocol, involving the utilisation of highly-degenerate oligonucleotide probes and primers derived 
from the amino acid sequences of the DNA-binding domains of the D. melanogaster and 
Chironomus tentans ecdysone receptor polypeptides, to identify nucleotide sequences encoding 
novel steroid receptor polypeptides and novel insect juvenile hormone receptor polypeptides. The 
present inventors have further identified specific regions within these novel polypeptides which are 
suitable for use in preparing a surprising range of novel steroid receptor polypeptide derivatives and 
insect juvenile hormone receptor polypeptide derivatives. The novel steroid receptor polypeptides 
and novel insect juvenile hormone receptor polypeptides of the present invention, and derivative 
polypeptides thereof, and assembled steroid receptors and insect juvenile hormone receptors derived 
from said polypeptides and derivatives, and nucleic acid molecules encoding same as exemplified 
herein, provide the means for developing a wide range of insecticidally-active agents, as well as 
methods for the regulated production of bioactive molecules. In particular, the present invention 
provides the means for developing specific ligands which bind to and either agonise or antagonise 
the steroid receptors and/or juvenile hormone receptors and/or polypeptide subunits thereof as 
describedherein, thereby functioning as higWy-specific insecticides, offering significant commercial 
and environmental benefits. 

The present inventors have been surprisingly successful in characterizing the ecdysone receptor and 
juvenile hormone receptor derived from insects of the orders Diptera and Hemiptera, and polypeptide 



4 



components thereof and functional derivatives of said polypeptides and receptors, particularly in 
Itght of the extreme difficulties in dealing with these organisms. The nature of these molectles was 
unknown prior to the present invention. 

5 The various aspects of this invention overcome the problems associated with Drosophila ecdysone 
receptors which lack thermal stability. Moreover, those aspects of the invention pertaining to 
methods of screening for insecticidally active agents do not involve competition assays which are 
generally complex, and often inaccurate or difficult to calibrate. 

1 0 SUMMARY OF THE INVENTION 

One aspect of the present invention provides an isolated nucleic acid molecule comprising a 
nucleotide sequence which encodes or is complementary to a sequence which encodes a steroid 
receptor polypeptide or a juvenile hormone receptor polypeptide or a bioactive derivative or 
analogue thereof, wherein said polypeptide: 
15 (i) is selected from the list comprising EcR polypeptide of an steroid receptor, the 

partner protein (USP polypeptide) of an steroid receptor and the USP polypeptide of a 
juvenile hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to any one of the 
amino acid sequences set forth in SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID 
NO:10,SEQIDNO:12 or SEQIDNO:14. 
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In an alternative embodiment, the present invention provides an isolated nucleic acid molecule 
comprising a nucleotide sequence which encodes or is complementary to a sequence which encodes 
a steroid receptor polypeptide or a juvenile hormone receptor polypeptide or a bioactive derivative 
25 or analogue thereof, wherein said polypeptide: 

(i) is selected from the list comprising EcR polypeptide of an steroid receptor, the 
partner protein (USP polypeptide) of an steroid receptor and the USP polypeptide of a 
juvenile hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to any one of the 
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amino acid sequences encoded by the plasmids deposited under any one of AGAL Accession 
Nos. NM99/04565, NM99/04566, NM99/04567, or NM99/04568. 

In a further alternative embodiment, the isolated nucleic acid molecule of the present invention 
comprises a nucleotide sequence which encodes or is complementary to a sequence which encodes 
a steroid receptor polypeptide or a juvenile hormone receptor polypeptide or a bioactive derivative 
or analogue thereof, wherein said nucleotide sequence is selected from the list comprising: 

(i) a nucleotide sequence having at least 40% identity to any one of the nucleotide 
sequences set forth in SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID 
NO: 1 1 or SEQ ID NO: 1 3 or a complementary nucleotide sequence thereto; 

(ii) a nucleotide sequence that is capable of hybridising under at least low stringency 
conditions to any one of the nucleotide sequences set forth in SEQ ID NO: 1, SEQ ID NO:3, 
SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:l 1 or SEQ ID 
NO: 13 or to a complementary nucleotide sequence thereto; 

1 5 a nucleotid e sequence that is capable of hybridising under at least low stringency 

conditions to a nucleotide sequence contained in any one of the plasmids deposited under 
AGAL Accession Nos. NM99/04565, NM99/04566, NM99/04567, or NM99/04568.; 

(iv) anucleotidesequencethatisatleast40%identicaltoanucleotidesequencecontained 
in any one of the plasmids deposited under AGAL Accession Nos. NM99/04565, 

20 NM99/04566,NM99/04567,orNM99/04568;and 

(v) a nucleotide sequence that is amplifiable by PCR using a nucleic acid primer 
sequence set forth in any one of SEQ ID N0.15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID 
NO: 1 8, SEQ ID NO: 1 9 or SEQ ID NO:20. 
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Inafurmeraltemativeem 

which encodes a steroid receptor polypeptide and comprises the nucleotide sequence set forth in SEQ 
ID NO: 1 or a complementary nucleotide sequence thereto. 
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Inafurthera^^^ 

which encodes a steroid receptor polypeptide or a juvenile hormone receptor polypeptide and 
compnses the nucleotide sequence set forth in SEQ ID NO:3 or SEQ ID NO: 1 3 or a complementary 
nucleotide sequence thereto. 

Inafurtheraltem^ 

whxchencodesasteroidreceptorpolypeptide and comprises thenucleotide sequence setforthinSEQ 
ID NO:5 or SEQ ID NO:7 or SEQ ID NO:8 or SEQ ID NO:9 or a complementary nucleotide 
sequence thereto. 

Inafurmeraltemativeembodimenuhepresentinventionprov^ 

which encodes a steroid receptor polypeptide or a juvenile hormone receptor polypeptide and 
comprises the nucleotide sequence set forth in SEQ ID NO:ll or a complementary nucleotide 

sequence thereto. 



A second aspect of the present invention provides a method of identifying an isolated nucleic acid 
molecule which encodes a steroid receptor polypeptide or a juvenile hormone receptor polypeptide 
comprising the steps of: 

(i) hybridising genomic DNA, mRNA or cDNA with a hybridisation-effective amount 
of one or more probes selected from the list comprising: 

(a) probes comprising at least 10 contiguous nucleotides in length derived from 
any one of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID 
NO:8, SEQ ID NO:9, SEQ ID NO:ll, SEQ ID NO:13, SEQ ID NO:15,' SEQ ID 
NO:16, SEQ ID NO:17, SEQ ID N0.18, SEQ ID NO:19 or SEQ ID NO:20 or a 

25 complementary nucleotide sequence thereto; 

(b) probes comprising at least 10 contiguous nucleotides in length derived from 
a cDNA contained in any one of the plasmids deposited under AGAL Accession Nos. 
NM99/04565, NM99/04566, NM99/04567, or NM99/04568; and 
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(c) hybridisation probes comprising the nucleotide sequences set forth in any one 
of SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ 
ID NO:9, SEQ ID NO:ll, or SEQ ID N0.13 or a complementary nucleotide 
sequence thereto or a homologue, analogue or derivative thereof which is at least 
40% identical to said sequence or complement; and 
(ii) detecting the hybridisation. 

In an alternative embodiment, the inventive method comprises the steps of: 

(i) annealing to genomic DNA, mRNA or cDNA, one or more PCR primers comprising 
at least 10 contiguous nucleotides in length derived from the group consisting of: 

(a) a primer derived from any one of SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID 
NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 1 1 , SEQ ID NO: 1 3, 
SEQ ID NO: 1 5, SEQ ID NO: 1 6, SEQ ID NO: 1 7, SEQ ID NO: 1 8, SEQ ID NO: 1 9 or 
SEQ ID NO:20 or a complementary nucleotide sequence thereto; and 
15 (b) a primer derived from a cDNA contained in any one of the plasmids deposited 

under AGAL Accession Nos. NM99/04565, NM99/04566, NM99/04567, or 
NM99/04568; and 

(ii) amplifying a nucleotide sequence which encodes a steroid receptor polypeptide or a 
juvenile hormone receptor polypeptide in a polymerase chain reaction. 

20 

In a further alternative embodiment, the inventive method comprises the steps of: 

(i) amplifying a nucleotide sequence which encodes a steroid receptor polypeptide or a 
juvenile hormone receptor polypeptide in a polymerase chain reaction using one or more 
PCR primers comprising at least 10 contiguous nucleotides in length from the group 
25 consisting of: 

(a) a primer derived from any one of SEQ ID NO:l, SEQ ID NO:3, SEQ ID 
NO:5, SEQIDNO:7, SEQIDNO:8, SEQIDNO:9, SEQIDNO:l 1, SEQIDNO:13, 
SEQIDNO:15,SEQIDNO:16,SEQIDNO:17, SEQIDNO:18, SEQIDNO:19or 
SEQ ID NO:20 or a complementary nucleotide sequence thereto; and 
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(b) a primer derived from a cDNA contained in any one of the plasmids deposited 
under AGAL Accession Nos. NM99/04565, NM99/04566, NM99/04567, or 
NM99/04568; 

(ii) hybridising the amplified nucleotide sequence to genomic DNA, mRNA or cDNA 
with a hybridisation-effective amount of one or more probes selected from the group 
consisting of: 

(a) aprobe comprising at least 10 contiguous nucleotides in length derived from 
any one of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID 
NO:8, SEQ ID NO:9, SEQ ID NO:l 1, SEQ ID NO:13, SEQ ID NO:15, SEQ ID 
NO:16, SEQ ID NO: 17, SEQ ID NO:18, SEQ ID N0.19 or SEQ ID NO:20 or a 
complementary nucleotide sequence thereto; 
■ (b) a probe comprising at least 1 0 contiguous nucleotides in length derived from 
a cDNA contained in any one oftheplasmids deposited under AGAL AccessionNos. 
NM99/04565, NM99/04566, NM99/04567, or NM99/04568; and 
(c) hybridisation probes comprising the nucleotide sequences set forth in any one 
of SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ 
ID NO:9, SEQ ID NO:ll, or SEQ ID NO:13 or a complementary nucleotide 
sequence thereto or a homologue, analogue or derivative thereof which is at least 
40% identical to said sequence or complement; and 
20 (iii) detecting the hybridisation. 

A third aspect of the present invention provides a genetic construct comprising the subject isolated 
nucleic acid molecule which encodes a steroid receptor polypeptide or a juvenile hormone receptor 
polypeptide, operably linked to a promoter sequence. Preferably, the subject nucleic acid molecule 
25 is in an expressible format, such that it is possible to produce a recombinant polypeptide therefrom. 

Accordingly, a fourth aspect of the invention provides a recombinant or isolated polypeptide 
comprising a steroid receptor polypeptide or juvenile hormone receptor polypeptide or a bioactive 
derivative or analogue thereof, wherein said polypeptide: 
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(i) is selected from the list comprising EcR polypeptide of a steroid receptor, the partner 
protein (USP polypeptide) of a steroid receptor and the USP polypeptide of a juvenile 
hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to any one of the 
amino acid sequences set forth in SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID 
NO:10,SEQIDNO:12 or SEQ ID NO: 14; 

wherein said polypeptide is substantially free of naturally-associated insect cell components. 

In an alternative embodiment, the invention provides a recombinant or isolated polypeptide 
comprising a steroid receptor polypeptide or juvenile hormone receptor polypeptide or a bioactive 
derivative or analogue thereof, wherein said polypeptide: 

(i) is selected from the list comprising EcR polypeptide of a steroid receptor, the partner 
protein (USP polypeptide) of a steroid receptor and the USP polypeptide of a juvenile 
hormone receptor; and 

15 com P r ises an amino acid sequence that is at least 40% identical to a polypeptide 

encoded by the cDNA present in any one of the plasmids deposited under AGAL Accession 
Nos. NM99/04565, NM99/04566, NM99/04567, or NM99/04568; 
wherein said polypeptide is substantially free of naturally-associated insect cell components. 
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A fifth aspect of the invention provides a cell comprising the subject isolated nucleic acid molecule 
which encodes a steroid receptor polypeptide or a juvenile hormone receptor polypeptide. 

In a preferred embodiment, the cell of the present invention expresses the polypeptide encoded by 
the nucleic acid molecule. 

In a preferred embodiment, the cell expresses a steroid receptor polypeptide or a fragment thereof 
which receptor is capable of binding to an insect steroid or analogue thereof or a candidate 
insecticidally active agent to form an activated complex, and comprises a nucleic acid sequence 
encoding a bioactive molecule or a reporter molecule operably linked to one or more insect steroid 
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response elements which on binding of the said activated complex promotes transcription of the 
nucleic acid sequence, wherein said cell on exposure to insect steroid or an analogue thereof, 
regulates expression of said bioactive molecule or allows detection of said reporter molecule. 

5 In a further aspect of this invention, there is provided an animal (such as a mammal), microorganism, 
plant or aquatic organism, containing one or more cells as mentioned above. 
A further aspect of the present invention provides a method of identifying a modulator of insect 
steroid receptor-mediated gene expression or insect juvenile hormone receptor-mediated gene 
expression comprising: 

10 (i) assayin 8 theex P ress ^^ 

insect steroid receptor polypeptide or a juvenile hormone receptor polypeptide of the 
invention and a potential modulator; and 

(ii) assayingtheexpressionofareportergeneinthepresenceofarecombinantorisolated 
insect steroid receptor polypeptide or a juvenile hormone receptor polypeptide of the 
1 5 invention and without said potential modulator; and 

(ii) comparing expression of the reporter gene in the presence of the potential modulator 
to the expression of a reporter gene in the absence of the potential modulator, 
wherein said reporter gene is placed operably under the control of a steroid response element (SRE) 
to which said insect steroid receptor binds or a promoter sequence comprising said SRE. 
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A still further aspect of the invention provides a method of identifying a potential insecticidal 
compound comprising: 

(i) assaying the binding directly or indirectly of a recombinant or isolated insect steroid 
receptor polypeptide or a juvenile hormone receptor polypeptide of the invention to a steroid 
response element (SRE) to which said insect steroid receptor binds, in the presence of a 
candidate compound; and 

(ii) assaying the binding directly or indirectly of a recombinant or isolated insect steroid 
receptor polypeptide or a juvenile hormone receptor polypeptide of the invention to a steroid 
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response element (SRE) to which said insect steroid receptor binds, in the absence of said 
candidate compound; and 

(ii) comparing the binding assayed at (i) and (ii), wherein a difference in the level of 
binding indicates that the candidate compound possesses potential insecticidal activity. 

A still further aspect of the invention provides a method of identifying a candidate insecticidally- 
active agent comprising the steps of: 

a) expressing an EcR polypeptide of a steroid receptor or a fragment thereof which 
includes the ligand-binding region, optionally in association with an EcR partner protein 
(USP polypeptide) of a steroid receptor or ligand binding domain thereof, optionally in 
association with an insect steroid or analogue thereof so as to form a complex; 

b) purifying or precipitating the complex; 

c) determining the three-dimensional structure of the ligand binding domain of the 
complex; and 

15 d) identifying compounds which bind to or associate with the three-dimensional 

structure of the ligand binding domain, wherein said compounds represent candidate 
insecticidally-active agents. 

A still further aspect of the invention provides a method of identifying a candidate insecticidally- 
20 active agent comprising the steps of: 

a) expressing a USP polypeptide of a juvenile hormone receptor or a fragment thereof 
which includes the ligand-binding region, optionally in association with an EcR polypeptide 
of a steroid receptor or ligand binding domain thereof, and optionally in association with an 
insect steroid or analogue thereof, so as to form a complex; 
25 b ) purifying or precipitating the complex; 

c) determining the three-dimensional structure of the ligand binding domain of the 
complex; and 
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d) identifying compounds which bind to or associate with the three-dimensional 
structure of the ligand binding domain, wherein said compounds represent candidate 

insecticidally-active agents. 

In another aspect this invention relates to a method or assay for screening insecticidally active 
compounds which comprises reacting a candidate insecticidal compound with a steroid receptor 
polypeptide or fragment thereof encompassing the ligand binding domain, or complex thereof with 
apartner protein or a fragment thereof which encompasses the ligand binding domain, and detecting 
binding or absence of binding of said compound so as to determine insecticidal activity. 

A still further aspect of the invention provides a synthetic compound which interacts with the three 
dimensional structure of a polypeptide or protein selected from the list comprising: 

(i) an EcR polypeptide of a steroid receptor or a fragment thereof; 

(ii) anBttpartopn^ 

(iii) a USP polypeptide of a juvenile hormone receptor; and 

(iv) a functional receptor or protein complex formed by association of (i) and (ii), 
wherein said compound is capable of binding to said polypeptide or protein to agonise or antagonise 
the binding activity or bioactivity thereof. 

Preferably, the synthetic compounds are derived from the three dimensional structure of insect 
steroid receptor(s) or juvenile hormone receptor(s) which compounds bind to said receptor(s) and 
have the effect of either inactivating the receptor(s) or potentiating the activity of the receptor(s). 
More preferably, the compounds mimic the three-dimensional structure of a ligand which binds to 
the receptor(s) and more preferably, mimic the three-dimensional structure of a ligand which binds 
to the ligand-binding region of said receptor(s). 

In a still further aspect of this invention, there is provided a screening system for insecticidally 
active agents comprising a nucleotide sequence encoding a steroid receptor or a fragment thereof, 
and a nucleotide sequence encoding a partner protein or a fragment thereof which associates with 
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the receptor so as to confer e^anced affmity for insect steroid response elements, enh^^ 
for msect steroids or analogues thereof, or insecticidally active agents and/or thermostability or 
enhanced thermostability of said receptor, which receptor and partner protein is capable of binding 
to a candulate insecticidally active agent to form an activated complex, and a nucleic acid sequence 
encodmg a bioactive molecule or a reporter molecule operably linked to one or more insect steroid 
response elements which on binding of the said activated complex regulates transcription of the 
nucleic acid sequence, wherein on exposure to said agent expression of the bioactive molecule or 
reporter molecule correlates with insecticidal activity. 

In another aspect of this invention, there is provided a method for the regulated production of a 
bioactive molecule or a reporter molecule in a cell, said method comprising the steps of introducing 

into said cell: 

a) a nucleotide sequence encoding a steroid receptor or a fragment thereof which is 
capable of binding an insect steroid or analogue thereof, to form an activated complex; and 

b) a nucleotide sequence encoding said bioactive molecule or reporter molecule 
operably linked to one or more insect steroid response elements which on binding of the said 
activated complex regulates transcription of the nucleic acid sequence encoding said 
bioactive molecule or reporter molecule, 

wherein exposing the cell to an insect steroid or analogue thereof regulates expression of the 
bioactive molecule or reporter molecule. 

SUMMARY OF SEQUENCE LISTING 

SEQ ID NO:l: The nucleotide sequence of the open reading frame of a cDNA molecule 
which encodes the EcR polypeptide subunit of the L. cuprina ecdysone 
receptor and amino acid sequence therefor. 

SEQ ID NO:2: The amino acid sequence of the EcR polypeptide subunit of the L. cuprina 
ecdysone receptor. 

SEQ ID NO:3: The nucleotide sequence of the open reading frame of a cDNA molecule 
which encodes the EcR partner protein (USP polypeptide) subunit of the L. 
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cuprina ecdysone receptor and/or which encodes the USP polypeptide 
subunit of the L. cuprina juvenile hormone receptor, and amino acid 

sequence therefor. 

SEQ ID NO:4: The amino acid sequence of the EcR partner protein (USP polypeptide) 
5 subunit of the L. cuprina ecdysone receptor and/or the amino acid sequence 

of the USP polypeptide subunit of the L. cuprina juvenile hormone receptor. 
SEQ ID NO:5: The nucleotide sequence of a cDNA molecule which encodes part of the EcR 
polypeptide subunit of the M. persicae ecdysone receptor and amino acid 
sequence therefor. 

10 SEQ ID NO:6: The amino acid sequence of a part of the EcR polypeptide subunit of the M. 

persicae ecdysone receptor. 
SEQ ID NO:7: The nucleotide sequence of the EcR probe 1 which is specific for genetic 
sequences encoding the EcR polypeptide subunit of aphid ecdysone receptors, 
in particular the EcR polypeptide subunit of the M. persicae ecdysone 
receptor. 

SEQ ID NO:8: The nucleotide sequence of the EcR probe 2 sequence which is specific for 
genetic sequences encoding the EcR polypeptide subunit of aphid ecdysone 
receptors, in particular the EcR polypeptide subunit of the M. persicae 
ecdysone receptor. 

20 SEQ ID NO:9: The nucleotide sequence of the open reading frame of a cDNA molecule 

which encodes the EcR polypeptide subunit of the M. persicae ecdysone 
receptor and amino acid sequence therefor. 
SEQ ID NO:10: The amino acid sequence of the EcR polypeptide subunit of the M. persicae 
ecdysone receptor. 

25 SEQ ID NOrll: The nucleotide sequence of the open reading frame of a cDNA molecule 

which encodes the EcR partner protein (USP polypeptide) subunit of the M. 
persicae ecdysone receptor and/or which encodes the USP polypeptide 
subunit of the M. persicae juvenile hormone receptor, and amino acid 
sequence therefor. 
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SEQ ID NO:12: The amino acid sequence of the EcR partner protein (USP polypeptide) 
subunit of the M. persicae ecdysone receptor and/or the amino acid sequence 
of the USP polypeptide subunit of the M. persicae juvenile hormone receptor 
SEQIDNO:13: The nucleotide sequence of a 150 base-pair probe which is specific for 
5 genetic sequences encoding the EcR partner protein (USP polypeptide) 

subunit of L. cuprina ecdysone receptor and/or the USP polypeptide subunit 
of the L. cuprina juvenile hormone receptor, and amino acid sequence 
therefor. 

SEQ ID NO:14: The amino acid sequence encoded by the nucleotide sequence of SEQ ID 
10 N0:13 ' com P risin g amino acid residues 108-149 of the EcR partner protein 

(USP polypeptide) subunit of the L. cuprina ecdysone receptor and/or amino 
acid residues 108-149 of the amino acid sequence of the USP polypeptide 
subunit of the L. cuprina juvenile hormone receptor set forth herein as SEQ 
ID NO:4. 

15 SEQ ID NO:15: The nucleotide sequence of the degenerate primer Rdna3. 

SEQ ID NO:16: The nucleotide sequence of the degenerate primer Rdna4. 

SEQ ID NO:17: The nucleotide sequence of the primer Mdnal . 

SEQ ID NO:18: The nucleotide sequence of the primer Mdna2. 

SEQ ID NO:19: The nucleotide sequence of the primer API . 
20 SEQIDNO:20: The nucleotide sequence of the degenerate primer AP2. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graphical representation showing function of the EcR polypeptide subunit of the L. 
25 cuprina ecdysone receptor in vivo. CHO cells were cotransfected with: 

(1) one of the following expression plasmids: pSGDmEcR, pSGLcEcR, or the parental 
expression plasmid pSG5 as a control, at lug/ml; 

(2) plasmid p(EcRE) 7 -CAT (1 ug/m\); and 

(3) an independent reporter plasmid , pPGKLacZ, at 1 ug/ml. 
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CAT expression was induced with Muristerone A at either 10 uM or 50 uM while control cells 
receded only the carrier ethanol. ELISA kits were used to quantify the synthesis of CAT and 
P-galactosidase in extracts of cells forty eight hours after transfection. The level of CAT was 
normalized to the level of P -galactosidase in the same extract. Fold-induction represents the 
normahzed values for CAT gene expression in cells transfected with pSGDmEcR, pSGLcEcR or 
pSG5mmepresenceofho m one,^^ 

transfected with the same plasmid, but in the absence of hormone. The average values of three 
independent experiments are shown and the error bars indicate standard error of the mean. 

Figure2isacopyofagraphicalrepresentationshowingtheactivityof P l a smidpSGLDandpSGDL 
containingchimericEcRpolypeptidesubunitsof insect ecdysone receptors, produced as described 
mtheExamples.Cotransfe^ 

pSGLD and pSGDL and the CAT reporter plasmid p(EcRE) 7 -CAT (lug/ml) and an independent 
reporter, pPGKLacZ at 1 ug/ml each. CAT/b-Gal <%) refers to CAT reporter activity expressed as 
a percentage relative to P-galactosidase activity produced by the internal control reporter 
pPGKLacZ. 



Figure 3 is a copy of a graphical representation showing the binding activity in extracts of Sf9 and 
Sf21 cells containing a baculovirus expressing LcEcRDEF and LcUSPDEF, as described in the 
Examples. Control cells contained baculovirus expressing P-galactosidase and CAT only. 

Figure 4 is a graphical representation showing the ecdysteroid binding activities of an in vitro- 
translated Myzus persicae EcR (MpEcR) polypeptide, an in v^-translated Myzus persicae USP 
(MpUSP) polypeptide, and an in v/^-translated complex of the M.persicae EcR and USP 
25 polypeptides. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One aspect of the present invention provides an isolated nucleic acid molecule comprising a 
nucleotide sequence which encodes or is complementary to a sequence which encodes a steroid 
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receptor polypeptide or a juveni,e hormone receptor polypeptide or a bioactive derivative or 
analogue thereof, wherein said polypeptide: 

0) is »'-'^*eU s ,co mpristag ^^ 

protetn (USP polypeptide) of . steroid receptor ^ ^ usp rf ^ 

^ hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to any one of the 
ammo acxd sequences set forth in SEQ ID NO:2, SEQ ID NO:4, SEQ ID N0 6 SEQ ID 
NO.10, SEQ ID NO:12 or SEQ ID NO:14. 

.0 According the isolated nuc.eic acid mo.ecuie of the invention may comprise a fragment of a 
nucleot.de sequence encoding a full-length receptor polypeptide. 

I« is ,„ be understood that a "fragment" of a nucleotide sequence encoding an EcR polypeptide 

USPpolypeptideofajuvenitehormonereceptor.refers.oanuc.eotidesequenceencod^ 
fragment of such a receptor which is capable of binding or associating with an insect steroid or an 
analogue thereof, or a candidate insecticidaily active compound. Fragments of a nucleotide 

sequencewouldgenerailycompriseincxcessoftwenrycontiguousnucleotidesderivedlrommeb^ 
sequence and may encode one or more domains of a Actional insect steroid receptor or juve»i,e 
hormone receptor. 
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Preferably, the is„,a,ed nucleic acid molecule of the invention encodes an ecdysteroid receptor 
polypep.de. Those skilled in the ar, are aware tha, ecdysteroid receptors derived from insects are 
heteroduneric receptors comprising an EcR polypeptide subuni, and an EcR partner protein (USP 

that the USP po.ypeptide of ft. insect juvenile hormone receptor is structurally-identical to the EcR 
Parmer protein of the ecdysteroid receptor of the present invention, however juvenile hormone 
receptors comprise monomers or mukimers of the USP polypeptide acting without the EcR 
polypeptide subum, tha, is present in tire ecdysteroid receptors. Accordingly, the present invention 
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ex.endsequallytonucleotidesequencesencodingpolypeptidesofboft.heecdys.eroidreceptor.and 
polypeptides of the juvenile hormone receptors of insects. 

More preferably, the isoiated nudeic acid molecule of the invention encodes an ecdysteroid receptor 
that „ modulated by one or more of the steroids ecdysone, ponasterone A, or muristerone, or an 
analogue of an ecdysteroid. 
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The 1S olatednucleica^^ 

steroid receptors that are responsive to ecdysteroids or ecdysteroid-like compounds or juvenile 
hormones, or analogues of such receptor-ligands. Accordingly, the present invention is not to be 
limited m any of its embodiments to the particular source of the subject nucleic acid, or polypeptide 



encoded therefor. 



Preferably, the isolated nucleic acid molecule of the invention is derived from insects, helminths 
(nematodes, cestodes, trematodes), protozoa, and ants, amongst others. 

More preferably, the isolated nucleic acid molecule of the invention is derived from an insect 
selected from the list comprising diptera, hemiptera, coleoptera, neuroptera, lepitdoptera and ants 
amongst others. Still more preferably, the isolated nucleic acid molecule of the present invention is 
derived from aphids, scale insects, leaf hoppers, white fly, and blowflies such as sheep blowflies. 

The present invention does not extend to amino acid sequences comprising the complete EcR 
polypeptide subunit of the D. melanogaster ecdysone receptor as described in W091/13167. 
However, this exclusion is made on the understanding that the present invention does encompass 
chimeric genes and fusion proteins which include the D. melanogaster nucleotide and amino acid 

sequences, respectively. 

In a particularly preferred embodiment, the isolated nucleic acid molecule of the present invention 
is derived from the aphid M. persicae or alternatively, from the Australian sheep blowfly, L. cuprina. 
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The ecdysteroid receptor is preferably modulated by one or more of the steroids ecdysone 
ponasterone A, or muristerone, or an analogue of an ecdysteroid. 

As used herein, the term "analogue of an ecdysteroid" shall be taken to indicate any compound that 
bmds to one or more polypeptide subunits of an ecdysteroid receptor or the heterodimeric 
holoreceptor comprising same or alternatively or in addition, which binds to the USP polypeptide 
of ajuvenile hormone receptor or alternatively orin addition, which binds to a bioactive derivative 
oranalogueofsaidpolypeptidesorholoreceptor.Theterm-analogueofa^ 

be taken to mdicate any compound that modulates the bioactivity of one or more polypeptide 
subumts of an ecdysteroid receptor or the heterodimeric holoreceptor comprising same or 
alternatively or in addition, that modulates the bioactivity of the USP polypeptide of a juvenile 
hormone receptor or alternatively or in addition, that modulates the bioactivity of a bioactive 
derivative or analogue of said polypeptides or holoreceptor. 



The present invention is not to be limited in scope to the specific L. cuprina and M persicae 
nucleotide and amino acid sequences set forth in the accompanying Sequence Listing and persons 
skilledintheartwM^ 

art-recognised procedures, for example using nucleic acid hybridisation and/or polymerase chain 
reaction essentially as described by Ausubel et al. (1992) and/or McPherson et al. (1991) and/or 
20 Sambrook et al . (1 989). 
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Accordingly, the present invention clearly encompasses isolated nucleic acid molecules which 
encode or are complementary to isolated nucleic acid molecules which encode the subject EcR 
polypeptide of a steroid receptor or fragments thereof, and/or the subject EcR partner proteins (USP 

polyp e ptide)ofasteroidreceptorand/ormesubjectUSPpolypeptideofajuvemlehormone^ 
m addition to derivatives, fragments and analogues thereof which comprise amino acid sequences 
having at least 40% identity to the amino acid sequences set forth in any one of SEQ ID N02 SEQ 
ID NO:4, SEQ ID NO:6, SEQ ID NO:10, SEQ ID NO:12 or SEQ ID N0.14. 
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Thepresentinventionclearly extends further to isolated nucleic acid molecules which encode or are 
complementary to isolated nucleic acid molecules which encode the subject EcR polypeptide of a 
steroid receptor or fragments thereof, and/or the subject EcR partner proteins (USP polypeptide) of 
a steroid receptor and/or the subject USP polypeptide of a juvenile hormone receptor, in addition to 
denvatives, fragments and analogues thereof which comprise amino acid sequences having at least 
40% identity to any one or more of the amino acid sequences encoded by the L. cuprina or M. 
persicae cDNAs contained in AGAL Accession Nos. NM99/04565, NM99/04566, NM99/04567 
orNM99/04568. 

For the purposes of nomenclature, plasmid pLcEcR contains the cDNA encoding the EcR 
polypeptide subunit of the Lucilia cuprina ecdysone receptor. This plasmid was deposited on 1 July, 
1999 with the Australian Government Analytical Laboratories at 1 Suakin Street, Pymble New 
South Wales 2073, Australia under the provisions of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure and accorded 
AGAL Accession No. NM99/04566. 

For the purposes of nomenclature, plasmid pLcUSP contains the cDNA encoding the EcR partner 
protein (USP polypeptide) subunit of the Lucilia cuprina ecdysone receptor and/or the USP 
polypeptide subunit of the L. cuprina juvenile hormone receptor. This plasmid was deposited on 1 
July, 1999 with the Australian Government Analytical Laboratories at 1 Suakin Street, Pymble, New 
South Wales 2073, Australia under the provisions of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure and accorded 
AGAL Accession No. NM99/04565. 

For the purposes of nomenclature, plasmid pMpEcR contains the cDNA encoding the EcR 
polypeptide subunit of the Myzus persicae ecdysone receptor. This plasmid was deposited on 1 July, 
1999 with the Australian Government Analytical Laboratories at 1 Suakin Street, Pymble, New 
South Wales 2073, Australia under the provisions of the Budapest Treaty on the International 
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Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure and accorded 
AGAL Accession No. NM99/04567. 

For the purposes of nomenclature, plasmid pMpUSP contains the cDNA encoding the EcR partner 
5 protein (USP polypeptide) subunit of the Myzus persicae ecdysone receptor and/or the USP 
polypeptide subunit of the M. persicae juvenile hormone receptor. This plasmid was deposited on 
1 July, 1999 with the Australian Government Analytical Laboratories at 1 Suakin Street, Pymble, 
New South Wales 2073, Australia under the provisions of the Budapest Treaty on the International' 
Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure and accorded 
1 0 AGAL Accession No. NM99/04568. 

The deposits referred to herein will be maintained under the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure. These deposits 
are provided merely for the purposes of exemplification and are not an admission that a deposit is 
required under 35USC § 1 12. A license may be required to make, use or sell the deposited materials 
or a polypeptide encoded by a cDNA thereof and no such license is hereby granted. It is to be 
understood however, that the deposits will become publicly available upon the grant of a patent 
pertaining to the instant disclosure in so far as that patent relates to the deposits referred to herein. 
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Preferably, the percentage similarity to any one of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ 
ID NO: 1 0, SEQ ID NO: 1 2 or SEQ ID NO: 14, or to a polypeptide encoded by a cDNA contained in 
any one of AGAL Accession Nos. NM99/04565, NM99/04566, NM99/04567, or NM99/04568 is 
at least about 60%, more preferably at least about 80%, even more preferably at least about 90%. 

25 In determining whether or not two amino acid sequences fall within these percentage limits, those 
skilled in the art will be aware that it is necessary to conduct a side-by-side comparison or multiple 
alignment of sequences. In such comparisons or alignments, differences will arise in the positioning 
of non-identical residues, depending upon the algorithm used to perform the alignment. In the 
present context, reference to a percentage identity or similarity between two or more amino acid 
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sequences shall be taken to refer to the number of identical and similar residues respectively, 
between said sequences as determined using any standard algorithm known to those skilled in the 
art. For example, amino acid sequence identities or similarities may be calculated using the GAP 
programme and/or aligned using the PILEUP programme of the Computer Genetics Group, Inc., 
University Research Park, Madison, Wisconsin, United States of America (Devereaux et al, 1 984). 
The GAP programme utilizes the algorithm of Needleman and Wunsch (1970) to maximise the 
number of identical/similar residues and to minimise the number and/or length of sequence gaps in 
the alignment. Alternatively or in addition, wherein more than two amino acid sequences are being 
compared, the ClustalW programme of Thompson et al (1994) is used. 

In an alternative embodiment, the isolated nucleic acid molecule of the invention encodes or is 
complementary to an isolated nucleic acid molecule which encodes a steroid receptor polypeptide 
or a fragment thereof, or a partner protein (USP) or a fragment thereof, which at least comprises an 
amino acid sequence which is substantially identical to any one of SEQ ID NO:2, SEQ ID NO:4, 
SEQ ID NO:6, SEQ ID NO:10, SEQ ID NO:12 or SEQ ID NO:14 or to the amino acid sequence of 
a polypeptide encoded by any one of the cDNAs contained in AGAL Accession Nos. NM99/04565, 
NM99/04566, NM99/04567, or NM99/04568. 

As used herein, the term "substantially identical" or similar term shall be taken to include any 
sequence which is at least about 95% identical and preferably at least 99% or 100% identical to a 
stated nucleotide sequence or amino acid sequence, including any homologue, analogue or derivative 
of said stated nucleotide sequence or amino acid sequence. 

Those skilled in the art will be aware that variants of the nucleotide sequences set forth in any one 
of SEQ ID NO. l or SEQ ID NO:3 or SEQ ID NO:5 or SEQ ID NO:7 or SEQ ID NO:8 or SEQ ID 
NO:9 or SEQ ID NO: 11 or SEQ ID NO:13, or variants of the cDNAs contained in any one of the 
depositedplasmids, which variants encode EcR polypeptides ofinsect steroid receptors or fragments 
thereof or EcR partner proteins (USP polypeptides) or fragments thereof, or USP polypeptides of 
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ins e ctjuvenilehormonereceptor Sj may be isolated by hybridization under low stringency conditions 
as exemplified herein. 



Such variants include any genomic sequences, cDNA sequences mRNA or other isolated nucleic 
acid molecules derived from the nucleic acid molecules exemplified herein by the Sequence Listing. 
Additional variants are not excluded. 

In a particularly preferred embodiment of the invention, the variant nucleotide sequences encode a 
fragment of the EcR polypeptide of the insect steroid receptor or a fragment of the EcR partner 
protein (USP polypeptide) of the insect steroid receptor or a fragment of the USP polypeptide of the 
insect juvenile hormone receptor. 

Preferred fragments of the subject polypeptides include one or more regions or domains which are 
involved in the interaction or association between the monomeric polypeptide subunits of a 
multimeric receptor and/or which are involved in the interaction or association between (i) a cognate 
steroidorreceptorligandor^^ 

or the receptors se. In a particularly preferred embodiment, the fragments comprise the DNA- 
binding domain, linker domain (domain D) or a part thereof, or ligand-binding domain (eg. hormone- 
binding domain) of a steroid receptor polypeptide or juvenile hormone receptor polypeptide or 
receptor holoenzyme. As exemplified herein, wherein biological activity of the L. cuprina ecdysone 
receptor is required, it is preferably to include at least a ligand-binding region comprising the ligand- 
binding domain and at least a part of the linker domain of the EcR polypeptide subunit, optionally 
in association with a ligand-binding region comprising at least me ligand-binding domain^ 
a part of the linker domain of the EcR partner protein (USP polypeptide) subunit of said receptor. 
Additional fragments are not excluded. 

Homologues, analogues and derivatives of the nucleotide sequences exemplified herein may be 
isolated by hybridising same under at least low stringency conditions and preferably under at least 
medium stringency conditions, to the nucleic acid molecule set forth in any one of SEQ ID NO: 1 or 
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SEQ ID NO:3 or SEQ ID NO:5 or SEQ ID NO:7 or SEQ ID NO:8 or SEQ ID NO:9 or SEQ ID 
NO: 1 1 or SEQ ID NO: 1 3 or to a complementary strand thereof, or to the cDNAs contained in any 
oneormoreofthedepositedplasmids^^^^ 

to this aspect of the invention is capable of hybridising under at least high stringency conditions to 
the nucleic acid molecule set forth in any one of SEQ ID NO: 1 or SEQ ID NO:3 or SEQ ID NO:5 
or SEQ ID NO:7 or SEQ ID NO:8 or SEQ ID NO:9 or SEQ ID NO:l 1 or SEQ ID NO: 13 or to a 
complementary strand thereof, or to the cDNAs contained in any one or more of the deposited 
plasmids. 



For the purposes of defining the level of stringency, a low stringency is defined herein as being a 
hybridisation and/or a wash carried out in 6xSSC buffer, 0.1% (w/v) SDS at 28 °C or alternatively, 
as exemplified herein. Generally, the stringency is increased by reducing the concentration of SSC 
buffer, and/or increasing the concentration of SDS and/or increasing the temperature of the 
hybridisation and/or wash. A medium stringency comprises a hybridisation and/or a wash carried 

15 outin0.2xSSC-2xSSCbuffer,0.1o/o(w/v)SDSat42Xto65X,whileahighstrin g encycomprises 
a hybridisation and/or a wash carried out in 0.1xSSC-0.2xSSC buffer, 0.1% (w/v) SDS at a 
temperature of at least 55°C. Conditions for hybridisations and washes are well understood by one 
normally skilled in the art. For the purposes of further clarification only, reference to the parameters 
affecting hybridisation between nucleic acid molecules is found in Ausubel et al. (1992), which is 

20 herein incorporated by reference. 

In an even more preferred embodiment of the invention, a hybridising nucleic acid molecule further 
comprises a sequence of nucleotides which is at least 40% identical to at least 10 contiguous 
nucleotides, preferably at least 50 contiguous nucleotides and more preferably at least 100 
contiguous nucleotides, derived from any one of SEQ ID NO: 1 or SEQ ID NO:3 or SEQ ID NO:5 
or SEQ ID NO:7 or SEQ ID NO:8 or SEQ ID NO:9 or SEQ ID NO:l 1 or SEQ ID NO:13 or a 
complementary strand thereof, or from a cDNA contained in any one or more of the deposited 
plasmids. 
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In detennining whether or not two nucleotide sequences fall within these percentage limits, those 
skilled in the art will be aware that it is necessary to conduct a side-by-side comparison or multiple 
ahgnmentofsequences. In such comparisons or alignments, differences may arise in the positioning 
of non-identical residues, depending upon the algorithm used to perform the alignment. In the 
present context, reference to a percentage identity between two or more nucleotide sequences shall 
be taken to refer to the number of identical residues between said sequences as determined using any 
standard algorithm known to those skilled in the art. For example, nucleotide sequences may be 
aligned and theiridentity calculated using the BESTFITprograrnme or other appropriate programme 
ofthe Computer Genetics Group, Inc., University Research Park, Madison, Wisconsin, UnitedStates 
of America (Devereaux et al, 1984). 



In an alternative embodiment, nucleotide sequences encoding EcR polypeptide subunits of insect 
steroid receptors or fragments thereof and/or EcR partner proteins (USP polypeptides) of insect 
steroid receptor or fragments thereof, or USP polypeptides of insect juvenile hormone receptor 
polypeptides, are amplified in the polymerase chain reaction. According to this embodiment, one or 
twoormorenucleicacid-primermolecules-derivedfromanucleotide sequence exemplified herein 
as SEQ ID NO:l or SEQ ID NO:3 or SEQ ID NO:5 or SEQ ID NO:7 or SEQ ID NO:8 or SEQ ID 
NO:9 or SEQ ID NO:l 1 or SEQ ID NO:13 or a complementary strand thereof, or from a cDNA 
contained in any one or more ofthe deposited plasmids, are annealed or hybridized to a nucleic acid 
"template molecule" which at least comprises a nucleotide sequence encoding a related genetic 
sequence or a functional part thereof, and nucleic acid molecule copies ofthe template molecule are 
amplified enzymatically using a thermostable DNA polymerase enzyme, such as Tagl polymerase 
or Pfu polymerase, amongst others. 

More particularly, one of the primer molecules comprises contiguous nucleotides derived from any 
one of SEQ ID NO:l or SEQ ID NO:3 or SEQ ID NO:5 or SEQ ID NO:7 or SEQ ID NO:8 or SEQ 
ID NO:9 or SEQ ID NO: 1 1 or SEQ ID NO: 13, or alternatively, from a cDNA contained in any one 
or more ofthe deposited plasmids; and another of said primers comprises contiguous nucleotides 
complementary to SEQ ID NO:l or SEQ ID NO:3 or SEQ ID NO:5 or SEQ ID NO:7 or SEQ ID 
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NO:8 or SEQ ID NO:9 or SEQ ID NO:ll or SEQ ID N0.13, or alternatively, from a cDNA 
contained in any one or more of the deposited plasmids, subject to the proviso that the first and 
second primers are not complementary to each other. 

In a preferred embodiment, each nucleic acid primer molecule is at least 10 nucleotides in length 
more preferably at least 20 nucleotides in length, even more preferably at least 30 nucleotides in 
length, still more preferably at least 40 nucleotides in length and even still more preferably at least 
50 nucleotides in length. 

Furthermore, the nucleic acid primer molecules consists of a combination of any of the nucleotides 
adenine, cytidine, guanine, thymidine, or inosine, or functional analogues or derivatives thereof 
which are at least capable of being incorporated into a polynucleotide molecule without having an 
inhibitory effect on the hybridisation of said primer to the template molecule in the environment in 

which it is used. 

Furthermore, one or both of the nucleic acid primer molecules may be contained in an aqueous 
mixture of other nucleic acid primer molecules, for example a mixture of degenerate primer 
sequences which vary from each other by one or more nucleotide substitutions or deletions. 
Alternatively, one or both of the nucleic acid primer molecules may be in a substantially pure form. 



In a particularly preferred embodiment exemplified herein, two primer nucleotide sequences are 
used to amplify related sequences, said primers comprising the nucleotide sequences as set forth in 
any one of SEQ ID NO: 15 to SEQ ID NO:20 inclusive. Even more preferably, the primers are used 
in the combination of (i)SEQ ID NO:15 and SEQ ID NO:16; or (ii) SEQ ID N0.17 and SEQ ID 
25 NO: 1 8; or (iii) SEQ ID NO: 1 9 and SEQ ID NO:20. 

The nucleic acid template molecule may be in a recombinant form, in a virus particle, insect cell, 
bacteriophage particle, yeast cell, animal cell, or a plant cell. Preferably, the nucleic acid template 
molecule is derived from an insect species. 
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Those skilled in the art will be aware that there are many known variations of the basic polymerase 
chain reaction procedure. Such variations are discussed, for example, in McPherson et al (1991). 
The present invention extends to the use of all such variations in the isolation of variant insect 
steroid receptor-encoding genes or fragments thereof, and/or variant partner protein-encoding genes 
or fragments thereof to those exemplified herein. 

The isolated nucleic acid molecule of the present invention, including those sequences exemplified 
herein and any variants thereof, may be cloned into a plasmid or bacteriophage molecule, for 
example to facilitate the preparation of primer molecules or hybridisation probes or for the 
productionofrecombinantgenep^ 

cosmids, bacteriophage molecules or other recombinant molecules are well-known to those of 
ordinary skill in the art and can be accomplished without undue experimentation. Accordingly, the 
invention further extends to any recombinant plasmid, bacteriophage, cosmid or other recombinant 
molecule comprising the nucleotide sequence set forth in any one of SEQ ID NO: 1 or SEQ ID NO:3 
or SEQ ID NO:5 or SEQ ID NO:7 or SEQ ID NO:8 or SEQ ID NO:9 or SEQ ID NO: 1 1 or SEQ ID 
N0.13 or SEQ ID NO:15 to SEQ ID NO:20, or a complementary sequence, homologue, analogue 
or derivative thereof, or a cDNA contained in any one or more of the deposited plasmids. 

The nucleic acid molecule of the present invention is also useful for developing genetic constructs 
20 which comprise and preferably, express, the EcR polypeptide subunit of the insect steroid receptor 
and/ormeEcRpartnerprotein(USPpolypeptide)ofthesteroidreceptorand/or*^ 
of the juvenile hormone receptor, thereby providing for the production of the recombinant 
polypeptides in isolated cells or transformed tissues. 
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Accordingly, a further aspect of the present invention provides a genetic construct comprising the 
subject isolated nucleic acid molecule encoding the insect steroid receptor polypeptide or a juvenile 
hormone receptor polypeptide, operably linked to a promoter sequence. Preferably, the subject 
nucleic acid molecule is in an expressible format, such that it is possible to produce a recombinant 
polypeptide therefrom. 



28 




Reference herein ,o a "promoter" is ,„ h taken in its broades , ^ ^ ^ ^ 
transanal reg„ la ,„ry sequences of a classical genomic gene, including the TATA box which is 
requtred for accurate transcription initiation in a eukaryotic cell, with or without a CCAAT box 
sequence or alternatively, the Pribnow box required for accurate expression in prokaryotic ce.ls. 

•omoters may be cell, tissue, organ or system specific, or may be non-specific. Using specific 
proW the expression of a bioactive agent or other polypeptide encoded by a structural gene to 
wh,ch\be promoter is operably connected may be targeted to a desired cellular site. For example 
m transge^canimals such as sheep, it can be envisaged that cells of the transgenic animai may 
contam a genWoding a steroid receptor, preferably a steroid receptor linked to an epidermal 
spectfic promoteVand a separate gene encoding, for example, epidermal growth factor (EOF) which 
■s functionally ItooSto one or more insect hormone response elements and may or may not also be 
Imked to epidermal specie promoter elements. On administration of the appropriate insect steroid 
hormone to the transgenic W the activated complex between the insect steroid receptor and 

15 '"^'^Wmaybind.omeoymoretaec.sten.idhormoneresponseelemen.merebyinducing 
EOF production solely in epidernWeUs which may give rise to defleecing. It is to be understood 
that th,s aspect of the invention is inoWnden, of the degree of thermostability of the insect steroid 
receptor The same principal applies to Vession of any bioactive molecule or reporter molecule 
m a specific cell type which is regulated b\a transacting complex between a steroid receptor 
20 complex and an appropriate insect steroid. 

In the present context, the term "promoter" is also used to describe a synthetic or fusion molecule 
or denvative which confers, activates or enhances expression in a cell in response to an external 
stimulus. Accordingly, the promoter may include further regulatory elements (i.e. upstream 
25 actuating sequences, enhancers and silencers) which alter gene expression in response to 
developmental and/or external stimuli, or in a tissue-specific manner. Preferred promoters may 

contmncopiesofoneormore S pecificregul a toryelements,inparticularsteroidresponsiveelements 
(SREs) or hormone-responsive elements (HREs), to further enhance expression and/or to alter the 
spatial expression and/or temporal expression pattern. 
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Reference herein to the term "steroid response element" shall be taken to refers to one or more ex- 
acting nucleotide sequences present in a naturally-occurring or synthetic or recombinant gene the 
expression of which is regulated by an insect steroid, such as an ecdysteroid, for example ecdysone 
or ponasterone A, wherein said regulation of expression results from an direct or indirect interaction 
between a steroid receptor and said m-acting nucleotide sequence response element. Exemplary 
insect steroid hormone response elements include the ecdysone response element hsp27 (EcRE) and 
any other nucleotide sequence which is capable of binding ecdysteroid receptors or polypeptide 
subunits thereof or fragments or analogies thereof (such as associated with E75, E74 or other 
Drosophila early genes), as described for example by Riddihough and Pelham (1987). 




m example, an SRE or a plurality of such elements may be operably linked to a promoter such as 
meWedronpromoter,pl0promoter,MMTVpromoterorSV40 P romoter,tom 

a Stlk ^ 1 8 ene t0 whic * said promoter is operably connected responsive to the presence of a 
r steroid bourXtoi the insect receptor (which may act as a transcription factor). One or more insect 
SRES may be ! ^ a P romoter > ^d may replace sequences within a selected promoter 

which confer respon^Wss to hormones or other agents which regulate promoter activity. Where 
response elements are diWit they may lead to preferential binding of different insect steroids or 
analogues thereof such that aWnoter may be differentially regulated. 

20 Particularly preferred SREs according to this embodiment include, but are not limited to, the hs P 27 
ecdysone response element described by Riddihough and Pelham (1987) or the 13 base-pair 
palindromic core contained therein. 
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A promoter is usually, but not necessarily, positioned upstream or 5', of a structural gene, the 
expression of which it regulates. Furthermore, the regulatory elements comprising a promoter are 
usually positioned within 2 kb of the start site of transcription of the gene. 

Placing a gene or isolated nucleic acid molecule operably under the control of a promoter sequence 
means positioning said gene or isolated nucleic acid molecule such that its expression is controlled 
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by the promoter sequence. Promoters are generally positioned 5' (upstream) to the genes that they 
control. In the construction of heterologous promoter/structural gene combinations it is generally 
preferred to position the promoter at a distance from the gene transcription start site that is 
approximately the same as the distance between that promoter and the gene it controls in its natural 
settmg, i.e., the gene from which the promoter is derived. As is known in the art, some variation in 
this distance can be accommodated without loss of promoter function. Similarly, the preferred 
portioning of a regulatory sequence element with respect to a heterologous gene to be placed under 
its control is defined by the positioning ofthe element in its natural setting, i.e., the genes from 
which it is derived. Again, as is known in the art, some variation in this distance can also occur. 

Those skilled in the art will recognise that the choice of promoter will depend upon the nature ofthe 
cellbeing transformed and when expression is required. Furthermore, it is well-lmown in me art to 
the promoter sequence used in the expression vector will also vary depending upon the level of 
expression required and whether expression is intended to be constitutive or regulated. 

For expression in eukaryotic cells, the genetic construct generally comprises, in addition to the 
nucleic acid molecule of the invention, a promoter and optionally other regulatory sequences 
deigned to facilitate expression of said nucleic acid molecule. The promoter may be derived from 
a genomic clone which normally encodes the expressed protein or alternatively, it may be a 
heterologous promoter derived from another genetic source. Promoter sequences suitable for 
expression of genes in eukaryotic cells are well-known in the art. 

SuitableNRromoters for use in eukaryotic expression vectors include those capable of regulating 
ex P ressioni >^al^ 

cellsandplantceWfen-edpromotersforexpressionineukaryotic 

MMTV promoter, poWdron promoter, the S V40 early promoter and the cytomegalovirus (CMV- 
IE) promoter, promotersWd from immunoglobulin-producing cells (see, United States Patent 
No 4,663,281), polyoma vi\promoters, and the LTR from various retroviruses (such as murine 
leukemia virus, murine or Rou>Woma virus and HIV), amongst others ( See, Enhancers and 
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Eukaryotic Gene Agression, Cold Spring Harbor Press, New York, 1983, which is incorporated 
herein by reference). ^amples of other expression control sequences are enhancers or promoters 
derived from viruses, suYh as SV40, Adenovirus, Bovine Papilloma Virus, and the like. 

Wherein the expression vector is intended for the production of recombinant protein, the promoter 
is further selected such that it is capable of regulating expression in a cell which is capable of 
performing any post-translational modification to the polypeptide which may be required for the 
subject recombinant polypeptide to be functional, such as N-linked glycosylation. Cells suitable for 
such purposes may be readily determined by those skilled in the art. By way of exemplification, 
Chinese hamster ovary (CHO) cells may be employed to carry out the N-terminal glycosylation and 
signal sequencecleavageofarecombinantpolypeptideproduced therein. Alternatively, a baculovirus 
expression vector such as the pFastBac vector supplied by GibcoBRL may be used to express 
recombinant polypeptides in Sf9 (Spodopterafrugiperda) cells, following standard protocols. 

Numerous expression vectors suitable for the present purpose have been described and are readily 
available. The expression vector may be based upon the P cDNA3 vector distributed by Medos 
Company Pty Ltd, Victoria, Australia, which comprises the CMV promoter and BGH terminator 
sequences for regulating expression of the recombinant polypeptide of the invention in a eukaryotic 
cell, when isolated nucleic acid sequences encoding same are inserted, in the sense orientation 
relative to the CMV promoter, into the multiple cloning site of said vector. Alternatively, the SG5 
expression vector of Greene et al. (1988), supplied by Stratagene, or the pQE series of vectors 
supplied by Qiagen are particularly useful for such purposes, as exemplified herein. 

Examples of eukaryotic cells contemplated herein to be suitable for expression include mammalian, 
yeast, insect, plant cells or cell lines such as COS, VERO, HeLa, mouse C127, Chinese hamster 
ovary (CHO), WI-38, baby hamster kidney (BHK), MDCK, sf21 (insect) or Sf9 (insect) cell lines. 
Such cell lines are readily available to those skilled in the art. 
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The prerequisite for expression in prokaryotic cells such as Escherichia coli is the use of a strong 
promoter with an effective ribosome binding site. Typical promoters suitable for expression in 
bacterial cells such as E coli include, but are not limited to, the lacz promoter, temperature-sensitive 
K or K promoters, T7 promoter or the IPTG-inducible tac promoter. A number of other vector 
systems for expressing the nucleic acid molecule of the invention in E.coli are well-known in the 
art and are described for example in Ausubel et al (1992). 

Numerous vectors having suitable promoter sequences for expression in bacteria have been 
described, such as for example, pKC30 (A L :Shimatake and Rosenberg, 1981), pKK173-3 (tac: 
AmannandBrosius, 1985),pET-3 (T7: Studier and Moffat, 1986) or the pQE series of expression 
vectors (Qiagen, CA), amongst others. 



Suitable prokaryotic cells include corynebacterium, salmonella, Escherichia coli, Bacillus sp. and 
Pseudomonas sp, amongst others. Bacterial strains which are suitable for the present purpose are 
1 5 well-known in the relevant art (Ausubel et al, 1 992). 

The genetic constructs described herein may further comprise genetic sequences corresponding to 
abacterial origin ofreplication and/or a selectable marker gene such as an antibiotic-resistance gene, 
suitable for the maintenance and replication of said genetic construct in a prokaryotic or eukaryotic 
20 cell, tissue or organism. Such sequences are well-known in the art. 

Selectable marker genes include genes which when expressed are capable of conferring resistance 
on a cell to a compound which would, absent expression of said selectable marker gene, prevent or 
slow cell proliferation or result in cell death. Preferred selectable marker genes contemplated herein 
include, but are not limited to antibiotic-resistance genes such as those conferring resistance to 
ampicillin, Claforan, gentamycin, G-418, hygromycin, rifampicin, kanamycin, neomycin, 
spectinomycin, tetracycline or a derivative or related compound thereof or any other compound 
which may be toxic to a cell. 
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The origin of replication or a selectable marker gene will be spatially-separated from those genetic 
sequences which encode the recombinant receptor polypeptide or fusion polypeptide comprising 



same. 
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Preferably, the genetic constructs of the invention, including any expression vectors, are capable of 

introduction into, and expression in, an in vitro cell culture, or for introduction into, with or without 

integration into the genome of a cultured cell, cell line and/or transgenic animal. 

In a particularly preferred embodiment, the expression vector is selected from the group consisting 

of: pLcEcR (AGAL Accession No. NM99/04566); pLcUSP (AGAL Accession No. NM99/04565); 

pMpEcR (AGAL Accession No. NM99/04567); and pMpUSP (AGAL Accession No' 

NM99/04568.). 

A further aspect of the invention provides a cell comprising the subject isolated nucleic acid 
molecule which encodes a steroid receptor polypeptide or a juvenile hormone receptor polypeptide. 

As used herein, the word "cell" shall be taken to refer to a single cell, or a cell lysate, or a tissue, 
organ or whole organism comprising same, including a tissue, organ or whole organism comprising 
a clonal group of cells or a heterogenous mixture of cell types, which may be a prokaryotic or 
eukaryotic cell as described supra. 

In a preferred embodiment, the cell of the present invention expresses the isolated or recombinant 
polypeptide encoded by the nucleic acid molecule. 

In a preferred embodiment, the cell expresses a steroid receptor polypeptide or a fragment thereof 
which receptor is capable of binding to an insect steroid or analogue thereof or a candidate 
insecticidally active agent to form an activated complex, and comprises a nucleic acid sequence 
encoding a bioactive molecule or a reporter molecule operably linked to one or more insect steroid 
response elements which on binding of the said activated complex promotes transcription of the 
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nucleic acid sequence, wherein said cell on exposure to insect steroid or an analogue thereof, 
regulates expression of said bioactive molecule or allows detection of said reporter molecule. 

To produce the cells of the invention, host cells are transfected or co-transfected or transformed with 
nucleotide sequences containing the DNA segments of interest (for example, the insect steroid 
receptor gene, the recombinant steroid response elements, or both) by well-known methods, which 
vary depending on the type of cellular host. For example, calcium chloride transfection is commonly 
utilized for prokaryotic cells, whereas lipofection or calcium phosphate treatment are often used for 
other cellular hosts. See, generally, Sambrook et al, (1989); Ausubel et al, (1992); and Potrykus 
(1990). Other transformation techniques include electroporation, DEAE-dextran, microprojectile 
bombardment, lipofection, microinjection, and others. 

As used herein, the term "transformed cell" is meant to also include the progeny of a transformed 
cell. 



In a further aspect of this invention, there is provided an animal (such as a mammal or insect), 
microorganism, plant or aquatic organism, containing one or more cells as mentioned above! 
Reference to plants, microorganisms and aquatic organisms includes any such organisms. 

20 In this embodiment of the invention, it is to be appreciated that administration of an insect steroid 
or an analogue thereof to an organism will induce expression of the desired bioactive molecule, such 
asapolypeptide,withattendantadvantages. For example, an induced protein may have a therapeutic 
effect ameliorating a disease state or preventing susceptibility to disease or may modify in some way 
the phenotype of an organism to produce a desired effect. In humans, for example, cell transplants 
(such as liver cells) may under the action of insect steroids, produce desirable hormones such as 
insulin, growth hormone, growth factors and the like. 
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Afurtheraspectoftheinventionprovidesarecombin^ 

receptorpolypeptideorjuvenilehormonereceptorpolypeptidederivedfr^^ 
derivative or analogue thereof, wherein said polypeptide: 

(i) is selected from the list comprising EcR polypeptide of a steroid receptor, the partner 
protein (USP polypeptide) of a steroid receptor and the USP polypeptide of a juvenile 

hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to any one of the 
amino acid sequences set forth in SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID 
NO.10, SEQ ID N0.12 or SEQ ID NO:14; 

wherein said polypeptide is substantially free of naturally-associated insect cell components. 

Inanaltemativeembodiment,therecombina.tori S olatedpolyp e pt^ 

polypeptide or juvenile hormone receptor polypeptide derived from an insect or a bioactive 
derivative or analogue thereof, wherein said polypeptide: 
1 5 (i) is selected from the list comprising EcR polypeptide of a steroid receptor, the partner 

protein (USP polypeptide) of a steroid receptor and the USP polypeptide of a juvenile 

hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to an amino acid 
sequence encoded by the cDNA present in any one of the plasmids deposited under AGAL 
Accession No. NM99/04565, NM99/04566, NM99/04567, or NM99/04568; 
wherein said polypeptide is substantially free of naturally-associated insect cell components. 

Reference herein to "substantially free of naturally associated insect cell components" refers to at 
least 80% purity, preferably more than 90% purity, and more preferably more than 95% purity 
Normally, purity is measured on a polyacrylamide gel with homogeneity determined by staining of 
protein bonds. Alternatively, high resolution may be necessary using HPLC or similar means. For 
most purposes, a simple chromatography column or polyacrylamide gel may be used to determine 
purity. A protein which is chemically synthesized or synthesized in a cell system different from an 
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insect cell from which it naturally originates would be free of naturally-associated insect cell 

components. 

The present invention clearly provides for the isolation of EcR polypeptide subunits and EcR partner 
protein (USP polypeptide) subunits of ecdysteroid receptors and USP polypeptides of juvenile 
hormone receptors, from various organisms of the class Insecta, as described supra, in addition to 
protozoa and helminth sources. 

Insect steroid receptors are characterized by functional ligand-binding domains, and DNA-binding 
domains, both of which interact to effect a change in the regulatory state of a gene operably linked 
to the DNA-binding site of the holoreceptor or a polypeptide or polypeptide fragment thereof. Thus, 
insect steroid receptors seem to be ligand-responsive transcription factors. Additionally, insect 
steroid receptors generally contain a DNA-binding domain (Domain C), and a ligand-binding 
domain (Domain E), separated and flanked by additional domains as identified by Krust etal (1986). 
TheCdomain preferably comprises a zinc-finger DNA-binding domain which is usually hydrophilic, 
having high cysteine, lysine and arginine content. The E domain preferably comprises hydrophobic 
amino acid residues and is further characterized by regions El, E2 and E3. The ligand-binding 
domain of the members of the insect steroid receptor superfamily is typically carboxyl-proximal, 
relative to a DNA-binding domain (Evans,1988). The entire ligand-binding domain is typically 
between about 200 and 250 amino acids but is potentially shorter. This domain has the subregions 
of high homology, designated the El , E2 and E3 regions - which may be collectively referred to as 
the "E region". Amino acid residues proximal to the C domain comprise a region initially defined 
as separate A and B domains. Region D separates the more conserved domains C and E. Region 
D typically has a hydrophilic region whose predicted secondary structure is rich in turns and coils. 
The F region is carboxy promixal to the E region (see, Krust et al, supra). 

The receptor polypeptides of the present invention exhibit at least a ligand-binding domain, as 
characterized by sequence homology to regions El, E2 and E3. The ligand-binding domains of the 
present invention are typically characterized by having significant homology in sequence and 
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structure to these three regions. Fragments of insect steroid receptors and partner proteins capable 
of binding insect steroids, and candidate insecticidally active compounds comprise an E-region or 
a sufficient portion of the E-region to allow binding. 

Preferably, the recombinant or isolated EcR polypeptide subunit of the insect steroid receptor or EcR 
partner protein (USP polypeptide) subunit of the steroid receptor or USP polypeptide of the juvenile 
hormone receptor as described herein is thermostable. 

By "thermostable" is meant that a stated integer does not exhibit reduced activity at bacterial, plant 
or animal physiological temperatures above about 28 °C or above about 30°C. The thermostability 
of insect steroid hormone receptors also refers to the capacity of such receptors to bind to ligand- 
binding domains or regions and/or to transactivate genes linked to insect steroid hormone response 
elements at bacterial, plant or animal physiological temperatures above about 28°C or above about 
30°C. 

The present inventW clearly extends to variants of said polypeptides, as described supra. The 
polypeptide may be substantially free of naturally associated insect cell components, or may be in 
combination with a paraprotein which associates with the insect steroid receptor so as to confer 
enhanced affinity for insectVroid response elements, enhanced affinity for insect steroids or 
analogues thereof. For Example\ie amino acid sequences exemplified herein may be varied by the 
deletion, substitution or insertion or\pne or more amino acids. 

In one embodiment, amino acids of a polypeptide exemplified herein may be replaced by other 
amino acids having similar properties, for example hydrophobicity, hydrophiliciry, hydrophobic 
moment, charge or antigenicity, and so on. 

Substitutions encompass amino acid alterations in which an amino acid of the base polypeptide is 
replaced with a different naturally-occurring or a non-conventional amino acid residue. Such 
substitutions may be classified as "conservative", in which case an amino acid residue contained in 
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the base polypeptide is repiaced with another M turally-occurri„g amino acid of simitar character 
for example Gly-Ala, Va.~I le «Leu, Asp«01u, Lys«Arg, As„~Gl„ or Phe~Trp~Tyr. ' 

Substitutions encompassed by the present invention may aiso be "non-conservative", in which an 

ammoacidresiduewmchispresentinmebasepoiypepadeissubstimw^anaminoacidhaving 
Afferent properties, such as a namraily-occurring amino acid from a different group (eg. substituted 
a charged or hydrophobic amino acid with alanine), or alternatively, fa which a naturaUy-occurring 
amino acid is substituted with a non-conventional amino acid. 

Those skiUed in the art will be aware that several mear* are available for producing variants of the 
exemphfied EcR polypeptide subunit of the insect steroid receptor or EcR partner protein (USP 
polypeptide) summit of the steroid receptor or USP polypeptide of the juvenile hormone receptor 
when provided with the nucleotide sequence of the nucieic acid molecule which encodes said 
polypeptide, for example site-directed mutagenesis of DNA and polymerase chain reaction utilising 
mutagenised oligonucleotide primers, amongst others. 

Such polypeptide variants which are capable of binding insect steroids clearly form part of the 

presentinvention.Assaystode.erminesuchbinding may be carried out according to procedures well 

known in the art. 

One such v\w polypeptide encompassed by the present invention comprises an "in-frame" fusion 
polypeptide bWn different regions of different insect receptor polypeptides^ exemplified 
herem, the presentments have discovered that, by producing synthetic genes in which various 
domains of a base insec^steroid receptor-encoding nucleotide sequence derived from a first source 
are mterchanged or substituted with similar sequences derived from a second source (referred to as 
"domain swapping"), it is po^ble to modify the bioactivity of the insect steroid receptor encoded 
therefor. For example, the bioWical activity of the EcR polypeptide of the L. cuprina or M 
persrcae ecdysone receptor exempted herein may be modulated by replacing portions of its C- 
terminal or N-terminal sequences with\he equivalent domains from the EcR polypeptide of the D. 
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melanogaster ecdysone receptor or alternatively, by swapping regions of the EcR polypeptides of 
the L. cuprina and M. persicae ecdysone receptors per se. 

As a further refinement, such changes in biological function can similarly be effected by making 
specific changes (e.g. addition, substitution or deletion) to only those amino-acids within each 
domain that are critical for determining the relevant catalytic function (eg. ligand-binding activity, 
DNA binding site affinity, etc), such as by site-directed mutagenesis. 

According to this embodiment, there is provided a synthetic EcR polypeptide subunit of a steroid 
receptor, and/or a synthetic EcR partner protein (USP polypeptide) subunit of a steroid receptor, 
and/or a synthetic USP polypeptide of a juvenile hormone receptor, or an analogue or derive of said 
synthetic polypeptides, wherein said synthetic polypeptides comprise an amino acid sequence which 
has the following properties: 

(i) it differs in amino acid sequence or exhibits different biological properties to a 
naturally-occurring EcR polypeptide subunit of a steroid receptor, and/or a naturally- 
occurring EcR partner protein (USP polypeptide) subunit of a steroid receptor, and/or a 
naturally-occurring USP polypeptide of a juvenile hormone receptor; 

(ii) it comprises a first sequence of amino acids which are at least about 40% identical to a 
part of any one of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO: 10, SEQ ID 
NO: 1 2 or SEQ ID NO: 1 4, or at least about 40% identical to a part of an amino acid sequence 
encoded by any one of the deposited plasmids, linked covalently to a second sequence of 
amino acids derived from an EcR polypeptide subunit of a steroid receptor, EcR partner 
protein (USP polypeptide) subunit of a steroid receptor, or USP polypeptide of a juvenile 
hormone receptor, wherein said first and second sequences are derived from different 
genomic sources. 

Preferably, the first sequence of amino acids is derived from the EcR polypeptide subunit of a steroid 
receptor, more preferably from the EcR polypeptide of the L. cuprina or M. persicae ecdysone 
receptor, and even more preferably from the EcR polypeptide of the L. cuprina ecdysone receptor. 
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In one embodiment, the synthetic EcR polypeptide subunit of a steroid receptor, and/or a synthetic 
EcR partner protein (USP polypeptide) subunit of a steroid receptor, and/or a synthetic USP 
polypeptide of a juvenile hormone receptor comprises a fusion polypeptide in which the ligand- 
binding regions of any one of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO.10, SEQ 
ID NO:12 or SEQ ID NO:14 are replaced, in-frame, by the ligand-binding region of a different 
receptor polypeptide. 

In a particularly preferred embodiment, 5'-end of the open reading frame of a first nucleotide 
sequence, encoding the N-terminal portion of the EcR polypeptide of a first ecdysteroid receptor to 
the end of the DNA-binding domain of said polypeptide, is fused in-frame, to the 3 '-end of the open 
reading frame of a second nucleotide sequence, encoding the C-terminal portion of the EcR 
polypeptide of a second ecdysteroid receptor, from the D domain and hormone-binding domain to 
the carboxyl terminus. 

Accordingly, the present invention extends to any variants of the insect receptor polypeptides 
referred to herein and genetic sequences encoding same, wherein said variants are derived from a 
receptorpolypeptideasdescribedherein^ 

comprises an amino acid sequence which differs from a naturally-occurring receptor polypeptide, 
or exhibit biological activity. 

As with other aspects of the ^^^^ 

polypeptides or in transgenic organisms, once the subject synthetic genes are introduced into a 
suitable host cell and expressed therein. 

In an alternative embodiment, the recombinant receptor polypeptide of the invention is produced as 
an "in-frame" fusion polypeptide with a second polypeptide, for example a detectable reporter 
polypeptide such as p-galactosidase, P-glucuronidase, luciferase or other enzyme, or a FLAG 
peptide, hapten peptide such as a poly-lysine or poly-histidine or other polypeptide molecule. 
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By "in-frame" means that a nucleotide sequence which encodes a first polypeptide is placed (i.e. 
cloned or ligated) in the same open reading frame adjacent to a nucleotide sequence which encodes 
a second polypeptide with no intervening stop codons there between, such that when the ligated 
nucleic acid molecule is expressed, a single fusion polypeptide is produced which comprises a 
5 sequence of amino acids corresponding to the summation of the individual amino acid sequences of 
the first and second polypeptides. 

In order to produce a fusion polypeptide, the nucleic acid molecule which encodes the polypeptide 
of the invention, or an analogue or derivative thereof, is cloned adjacent to a second nucleic acid 

10 molecule encoding the second polypeptide, optionally separated by a spacer nucleic acid molecule 
which encodes one or more amino acids (eg: poly-lysine or poly histidine, amongst others), such that 
the first coding region and the second coding region are in the same open reading frame, with no 
intervening stop codons between the two coding regions. When translated, the polypeptide, thus 
produced comprises a fusion between the polypeptide products of the first and second coding 

15 regions. Wherein a spacer nucleic acid molecule is utilised in the genetic construct, it may be 
desirable for said spacer to at least encode an amino acid sequence which is cleavable to assist in 
separation of the fused polypeptide products of the first and second coding regions, for example a 
thrombin cleavage site. 
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A genetic construct which encodes a fusion polypeptide further comprises at least one start codon 
and one stop codon, capable of being recognised by the cell's translation^ machinery in which 
expression is intended. 

Preferably, a genetic construct which encodes a fusion polypeptide may be further modified to 
25 include a genetic sequence which encodes a targeting signal placed in-frame with the coding region 
of the nucleotide sequence encoding the fusion polypeptide, to target the expressed recombinant 
polypeptide to the extracellular matrix or other cell compartment. More preferably, the genetic 
sequence encoding targeting signal is placed in-frame at the 5 '-terminus or the 3 '-terminus, but most 
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preferably at the 5'-terminus, of the coding region of the nucleotide sequence which encodes the 
fusion polypeptide. 
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Methods for the production of a fusion polypeptide are well-known to those skilled 



in the art. 



TherecombinantEcRpolypep^^ 

polypeptide) subunit of the steroid receptor or USP polypeptide of the juvenile hormone receptor 
may be purified by standard techniques, such as column chromatography (using various matrices 
which mteract with the protein products, such as ion exchange matrices, hydrophobic matrices and 
the like), affinity chromatography utilizing antibodies specific for the protein or other ligands such 
as dyes or insect steroids which bind to the protein. 

Wherein the recombinant polypeptide is expressed as a fusion polypeptide, it is also possible to 
punfy the fusion polypeptide based upon its properties (eg size, solubility, charge etc). Alternatively, 
the fusion polypeptide may be purified based upon the properties of the non-receptor moiety of said 
fusion polypeptide, for example substrate affinity. Once purified, the fusion polypeptide may be 
cleaved to release the intact polypeptide of the invention. 

Alternatively, proteins may be synthesized by standard protein synthetic techniques as are well 
20 known in the art. 

In a preferred embodiment, the recombinant or isolated polypeptides of the invention are provided 
as a precipitate or crystallized by standard techniques, preferably for X-ray crystal structure 
determination. 



The three-dimensional structure of the polypeptide of the invention or a holoreceptor comprising 
sameorafragmentofsaidpolypeptideorhoW^ 

insecticidal agents which mimic ligands that bind to said three-dimensional structure and/or 
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modulate the ability of insect steroids to bind thereto and activate the receptor (see, for example, Von 
Itzstein et al, 1993; and Bugg etal, 1993). 

According to this embodiment, the EcR polypeptides of the invention or ligand binding domains 
thereof, or their complexes with EcR partner proteins or ligand binding domains thereof, which 
confer enhanced affinity for insect steroid response elements or partner proteins (USP polypeptides) 
or ligands, are particularly useful to model the three-dimensional structure of the receptor ligand- 
binding region. In this manner, insecticidal compounds may be produced which bind to, or 
otherwise interact with, the ligand-binding region of the receptor and/or preferably interfere with 
ligand binding. In the same way, compounds may be developed which have a potentiated interaction 
with the insect steroid receptor over and above that of the physiological insect steroid which binds 
to the receptor. 



Accordingly, a still further aspect of the invention provides a method of identifying a candidate 
1 5 insecticidally-active agent comprising the steps of: 

a) expressing a USP polypeptide of a juvenile hormone receptor or a fragment thereof 
which includes the ligand-binding region, optionally in association with an EcR polypeptide 
of a steroid receptor or ligand binding domain thereof, and optionally in association with an 
insect steroid or analogue thereof, so as to form a complex; 
20 b ) purifying or precipitating the complex; 

c) determining the three-dimensional structure of the ligand binding domain of the 
complex; and 

d) identifying compounds which bind to or associate with the three-dimensional 
structure of the ligand binding domain, wherein said compounds represent candidate 

25 insecticidally-active agents. 

Standard procedures are used to determine the three dimensional structure of the receptor 
polypeptides of the invention, for example using X-ray crystallography and/or nuclear magnetic 
resonance analysis {see, for example, Bugg et al, 1993; Von Itstein et al, 1993). 
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Insecticidally-active agents contemplated herein include synthetic chemicals that mimic one or more 
ligands of the holoreceptor or its polypeptide subunit, or the ligand-binding region of said 
holoreceptor or subunit, thereby modulating binding of steroids to said holoreceptor or subunit. 
Preferred insecticidally-active agents include bisacylhydrazines, iridoid glycosides or other non- 
5 steroidal modulators of ecdysteroid receptors or insect juvenile hormone receptors. Additionally, 
because the EcR partner protein (USP polypeptide) subunits of insect steroid receptors, and the USP 
polypeptides of insect juvenile hormone receptors, bind insect juvenile hormones, a sesquiterpenoid 
group of ligands that regulate developmental transitions in insects (see Jones and Sharp, 1997), 
compounds which interfere with the binding of juvenile hormone are also candidate insecticides. 

10 

A further aspect of the present invention provides a method of identifying a modulator of insect 
steroid receptor-mediated gene expression or insect juvenile hormone receptor-mediated gene 
expression comprising: 

(i) assaying the expression of a reporter gene in the presence of a recombinant or isolated 
15 insect steroid receptor polypeptide or a juvenile hormone receptor polypeptide of the 

invention and a potential modulator; and 

(ii) assaying the expression of a reporter gene in the presence of a recombinant or isolated 
insect steroid receptor polypeptide or a juvenile hormone receptor polypeptide of the 
invention and without said potential modulator; and 

20 (ii) comparing expression of the reporter gene in the presence of the potential modulator 

to the expression of a reporter gene in the absence of the potential modulator, 
wherein said reporter gene is placed operably under the control of a steroid response element (SRE) 
to which said insect steroid receptor binds or a promoter sequence comprising said SRE. 

25 In the present context, a "modulator" is a compound or molecule that agonises or antagonises the 
binding properties and/or biological activity of a receptor polypeptide or holoreceptor. Preferred 
modulators according to this embodiment include those synthetic compounds that are suitable for 
use as insecticidally-active agents described supra. 
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The reporter gene may be any gene, the expression of which may be monitored or assayed readily 
Preferably, the reporter gene is a structural gene that encodes a peptide, polypeptide or enzyme that 
xs assayed readily by enzymic or immunological means, for example the 0-galactosidase p. 
glucuronidase, luciferase or chloramphenicol acetyltransferase (CAT) genes. Alternatively the 
reporter gene may be a gene which encodes an immunologicaliy-detectable protein, for example a 
FLAG peptide, poly-lysine peptide or poly-histidine peptide. 

Standard methods are used to assay the expression of the reporter gene. 

This embodiment of the invention may be applied directly to the identification of potential 
insectodally-active compounds or alternatively, modified for such purposes by assaying for the 
bmdmg (direct or indirect) of the recombinant or isolated insect steroid receptor polypeptide or a 
juvemle hormone receptor polypeptide of the invention to a steroid response element (SRE), rather 

thanbyassayingforrepo rt ergeneexpression.Accordingtothisdtemativeembodimen^^ 
assayed in the presence or absence of a potential insecticidally-active compound is compared 
wherem a difference in the level of binding indicates that the candidate compound possesses 
potential insecticidal activity. 

In addition, substances may be screened for insecticidal activity by assessing their ability to bind in 

polypeptide subunit of the ecdysone receptor (eg. SEQ ID NO:2 and/or SEQ ID NO:6 and/or SEQ 

ID NO: 1 0) and/or the EcR partner protein ( USP polypeptide) of the ecdysone receptor (eg SEQ ID 

NO:4and/orSEQIDNO:12and^^ 

steroid may be employed to assess insecticidal activity. 

The performance of this embodiment may, for example, involve binding the insect steroid receptor 
polypeptide to a support such as a plurality of polymeric pins, whereafter the polypeptide resident 
on the plurality of pins is brought into contact with candidate insecticidal molecules for screening 
The molecules being screened may be isotopically labelled so as to permit ready detection of 
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binding. Alternatively, reporter molecules may be utilized which bind to the insect steroid receptor 
candidate molecule complex. Alternatively, compounds for screening may be bound to a solid 
support, such as a plurality of pins which are then reacted with the thermostable insect steroid 
receptor or complex with a partner protein. Binding may, for example, be determined again by 
isotopic-labelling of the receptor, or by antibody detection or use of another reporting agent. 



In an alternative embodiment, insecticidally-active agent are identified using rational drug design, 
by expressing a USP polypeptide of a juvenile hormone receptor or a fragment thereof which 
includes the ligand-binding region, optionally in association with an EcR polypeptide of a steroid 
1 0 receptor or ligand binding domain thereof, and optionally in association with an insect steroid or 
analogue thereof, so as to form a complex, determining the three-dimensional structure of the ligand 
binding domain of the complex, and identifying compounds which bind to or associate with the 
three-dimensional structure of the ligand binding domain, wherein said compounds represent 
candidate insecticidally-active agents. 



The methods described herein for identifying modulators of gene expression and insecticidal 
compounds, may be performed using prokaryotic or eukaryotic cells, cell lysates or aqueous 



solutions. 



20 A further aspect of this invention accordingly relates to synthetic compounds derived from the three 
dimensional structure of EcR polypeptides and/or EcR partner protein (USP polypeptide) subunits 
of insect steroid receptors, or fragments thereof, or insect steroid receptors or fragments thereof, or 
USP polypeptides of insect juvenile hormone receptors or fragments thereof, which compounds are 
capable of binding to said receptors which have the effects of either inactivating the receptors (and 

25 thus acting as antagonists) or potentiating the activity of the receptor. 

By "derived from" it is meant that the compounds are based on the three dimensional structure of 
the aforementioned proteins, that is, synthesized to bind, associate or interfere with insect steroid 
binding or juvenile hormone binding. 
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The compounds may bind strongly or irreversibly to the ligand binding site or another region of the 
receptor or USP and act as agonists or antagonists of insect steroids, or juvenile hormone binding, 
or otherwise interfere with the binding of ligand, such that ecdysteroids or juvenile hormones. Such 
compounds would have potent insecticidal activity given the key role of insect steroids, or juvenile 
hormone, in insect physiology and biochemistry. Such compounds would also possess a unique 
specificity. 

This invention is also described with reference to the following non-limiting examples. 



EXAMPLE 1 

Construction of a plasmid ( P SV40-EcR) expressing the EcR polypeptide subunit of the D. 

melanogaster ecdysone receptor 

A 3 1 10 base-pair Fspl-HindHI fragment was excised from a cDNA encoding the EcR polypeptide 
subunit of the D. melanogaster ecdysone receptor (Koelle et al, 1991), the excised sequence 
comprising the complete 2634 base pair coding region and 2 1 4 base pairs of 5 '- leader sequence and 
258 base pairs of 3'- untranslated sequence. The fragment was ligated into the BamHl site of the 
expression plasmid pSG5 (Greene et al, 1988) to produce the expression plasmid P SV40-EcR, 
wherein expression of the EcR polypeptide subunit of the Drosophila melanogaster ecdysone 
receptor is placed operably under the control of the SV40 promoter sequence. 
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EXAMPLE 2 
Construction of the reporter plasmid p(EcRE) 7 -CAT 



The reporter plasmid p(EcRE) 7 -CAT was constructed by insertion of seven copies of the hsp27 
5 ec dysone response element, contaim^^ 

(EcRE), derived from the hsp27 gene (Riddihough and Pelham, 1987) into the HindHI site of the 
plasmid pMMTV-CAT (Hollenberg and Evans, 1988), 93 base pairs upstream of the transcription 
start site of the MMTV promoter, thereby operably connecting expression of the chloramphenicol 
acetyltransferase structural gene to regulation by an insect receptor which binds to the hsp27 
10 ecdysone response element. 



EXAMPLE 3 
Cell Culture and Transient Transfection 

Chinese hamster ovary (CHO) cells were maintained in 50% (v/v) Dubbecco's modified Eagle's 
medium (DMEM) and 50% (v/v) Hamm F12 nutrient mixture (GIBCO) supplemented with 10% 
(v/v) foetal bovine serum. Transfection was carried out by the DNA-calcium phosphate co- 
precipitation method (Ausubel et al, 1 992). One day before transfection with the plasmids described 
in Examples 1 and/or 2 , or other expression plasmids, CHO cells were plated out at 5 - 8 x 1 0 5 cells 
per 6 cm diameter culture dish in the above DMEM/F12 medium. Three hours before the addition 
of the DNA-calcium phosphate co-precipitate, the cells were washed with phosphate buffered saline 
(PBS;Sambrooke/a/., 1989) and cultured in fresh DMEM plus 10% (v/v) foetal bovine serum. The 
cells were incubated in the presence of the co-precipitate for eighteen hours before excess DNA was 
removed by washing with PBS. The cells were then cultured for another day in DMEM/F12 
supplemented with 10% (v/v) foetal bovine serum with or without added ponasterone A (PNA), 
before harvesting. Cells were washed with PBS, harvested by mechanical scraping in 0.25 M Tris- 
HC1 (pH 7.8), and disrupted by three freeze-thaw cycles. 
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All transfections included, in addition to expression and reporter plasmids, a P-galactosidase- 
expressing plasmid designated pPgK-LacZ (McBurney et al, 1991), which served as an internal 
control for the efficiency of transfection, and pUC 1 8 DNA in an amount sufficient to produce 1 0 ng 
total DNA per culture dish. 

The chloramphenicol acetyltransferase (CAT) and p-galactosidase activities encoded by the reporter 
genes present in the reporter plasmids were assayed as described in Sambrook et al, (1 989). Cells 
that were co-transfected with p(EcRE) 7 -CAT and P SV40-EcR clearly showed induction of CAT 
activity in the presence of PNA, showing 50 units of activity. Controls showed negligible activity. 

We have observed that the ecdysone receptor can lead to stimulation of expression from an ecdysone 
responsive promoter in some cell types, for example in CHO cells, but not in CV- 1 cells. Whilst not 
being bound by any theory or mode of action, this may reflect a cell-type specific distribution of at 
least one other transcription factor essential for ecdysone responsiveness. To determine cell types 
suitable for expressing reporter genes under the control of the steroid receptor of the present 
invention, the cell-type specificity of ecdysone-responsive gene expression is assayed in cell-free 
transcription lysates derived from several target cell lines. Additionally, by fractionating and/or 
isolating the nuclear proteins of cell lines that express the reporter genes and supplementing lysates 
derived from non-expressing cell lines with such nuclear protein fractions or isolated proteins, any 
essential auxiliary factors are defined and the genes encoding them cloned. Co-transfection of the 
receptor-encoding genes with genes encoding such auxiliary factors removes limitations imposed 
by cell-type restricted ecdysone responsiveness. 



25 EXAMPLE 4 

Testing the Effect of temperature on transient expression 

To determine whether the D. melanogaster ecdysone receptor polypeptide is stable at physiological 
temperatures above about 30°C, CHO cells were transfected as described in Example 3, with the 
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plasmid P SV40-EcR and the reporter plasmid p(EcRE) 7 -CAT in the presence of PNA at 30 °C and 
37°C. 



Briefly, CHO cells were plated out at 37°C sixteen to twenty hours before transfection After 
washing away the DNA, the cells were cultured for two hours in fresh medium with or without 
hormone and the dishes divided into duplicate sets. One set was cultured for another day at 37°C 
before harvesting for CAT and P-galactosidase assays. The other set was cultured for three days at 
30°C before assaying enzyme activities. Results indicated a reduction in the fold-induction of gene 
expression regulated by the D. melanogaster ecdysone receptor polypeptide at 37°C, compared to 
the fold-induction at 30°C, as shown in Table 1 . 
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EXAMPLE 5 

Attempted screening of an L. cuprina genomic DNA library to isolate genes encoding the EcR 
polypeptide subunit of the L. cuprina ecdysone receptor 

A 627 bp Eco - Kpn I fragment encompassing the DNA-binding domain of the EcR polypeptide subunit of 
the D. melanogaster ecdysone receptor was isolated, radioactively labelled and used to screen a L. cuprina 
genomic library constructed in bacteriophage lambda (prepared by CSIRO, division of Entomology 
Canberra, Australia). In the first round of screening, twenty-four regions of the plates showed potential 
posrtrve hybridization to the D. melanogaster probe. However, second-round screening of these 24 first 
round positive plaques failed to yield any plaque giving a reproducible positive signal when hybridized to 
the D. melanogaster probe. 
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TABLE 1 



pSV40-EcR 


PNA 


Fold-induction of expression 




(LlM) 


37°C 


30°C 


2,5 


20 


14X 


35X 






59X 


54X 


0.5 


20 


8X 


26X 






47X 


33X 


0.1 


20 


1.6X 


25X 






9.0X 


39X 



EXAMPLE 6 

Cloning and characterization of a cDNA molecule encoding 
the EcR polypeptide of the L. cuprina ecdysone receptor 

Rational e for amplification primer desig n 

The nucleVde sequences of the primers Rdna3 (400>1 5) and Rdna4 (SEQ ID NO: 1 6) were derived 
from the ammo acid sequence conserved between the DNA-binding domains of the EcR polypeptide 
subunits of± Q \melanogaster and C. tentans ecdysone receptors. However, amino acid sequences 
homologous to tv>o other members of the steroid receptor superfamily of D. melanogaster, 
Drosophila hormoneVceptor 3 (DHR3; Koelle, et al, 1991) and Drosophila early gene (E75; 
Segraves and Hogness\990) were excluded from the primer designs, to reduce the possibility of 
amplifying the L. cuprina homologues of genes encoding DHR3 and/or E75 by PCR. 

Amplificat ion primers and PCR conditions 

A 1 05 base pair DNA fragment, encoding the DNA-binding domain of the EcR polypeptide subunit 
of the L. cuprina ecdysone receptor, was amplified from the L. cuprina genome by PCR, by using 
the following degenerate primers: 
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Rdna3 (32mer with EcoRI site): 

5'-COGAArrCCGCCTCTGGTTA(C^CA(C/T)TA(OT)AA(C/T)GC 3' (i.e. SEQ !D NO: 15 ): 
and 

Rdna4 (32mer with BamHI site): 
5 5'-CGCGGATCC(G/A)CACTCCTOACACnTCG(CyDCTCA 3' (i.e. SEQ ID NO:16). 

Amplincatareactio^ 

conditions: 

cycle 1: 97°C/5 minutes, 50°C hold; add polymerase 50°C/5 minutes; 
10 cycles 2-3: 72°C/3 minutes, 94°C/1 minute, 50°C/1 minute; 
cycles 4-43: 72°C/3 minutes, 94°C//1 minute, 55°C/1 minute; 
cycle 44: 72 °C/10 minutes. 
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To facilitate cloning of the amplified fragments for use as hybridisation probes, the 5' end of primer 
Rdna3 contained an EcoRI site and the 5' end of primer Rdna4 contained a BamHI site. The 
amplified L. cuprina gene fragments were cloned into^Bluescript SK + , following digestion using 
meenzymes EcoRI andBamHI,pu« 

electro elution of the product band. 

20 Hybridisati on probe p r eparation 

Forprobepreparation, the insert was cut out ofthe^BluescriptSK + vector using EcoRI and BamHI 
and -P-labelled using the GIGAprime DNA Labelling Kit (Bresatec Limited, Adelaide, Australia^ 
essentially according to the manufacturer's instructions, except that random primers were replaced 
with the specific primers Rdna3 and Rdna4 (see above). Unincorporated label was removed by size 
exclusion chromatography over Biogel-P60 (Biorad Ltd, Sydney, Australia). The probe was used 
at 10 6 cpm/ml in hybridizations. 
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Construction and scr eening off, cuvrina cDNA libraries 

Two independent L. cuprina cDNA libraries derived from late third instar L. cuprina larvae were 
prepared by random priming and oligo-dT priming respectively, and cloned into the £c 0 RI site of 
the Lambda/ZapII vector (Stratagene). The primary libraries generated were subsequently amplified 
according to the manufacturer's instructions, using standard protocols. 

Both cDNA libraries generated are superior to existing L. cuprina libraries in terms of their phage 
titre (i.e. pfu/ml) and insert sizes (0.5 - 4 kbp in both cases). In particular, the primary oligo-dT 
primed library comprised 4.7 x 1 0 6 pfu, whilst the amplified oligo-dT primed library comprised 7.5 
x 10'° pfu/ml; the primary random-primed library comprised 1.3 x 10 6 pfu, whilst the amplified 
random-primed library comprised 3.4 x 10'° pfu/ml. 

The prepared cDNA libraries were screened by lifting 500,000 plaques from each library in duplicate 
on to Hybond N membranes (Amersham) and hybridizing same under low stringency conditions to 
the 32 P-labelled amplification product produced using the primers Rdna3 and Rdna4 (see above). In 
particular, hybridisations were performed for twenty four hours at 37°C in a hybridisation solution 
comprising 42% (w/v) formamide; 5 x SSPE solution; 5 x Denhardfs solution; and 0.1% (w/v) 
sodium dodecyl sulphate, as described essentially by Ausubel et al, (1 992) and/or Sambrook et al. 
(1989). Themembranes were then washed at37°Cin2XSSCsolutioncontaining0.1%(w/v)sodium 
dodecyl sulphate. Following washing, positive plaques were detected by autoradiography, using 
XOMAT-AR film (Kodak) for two to three days, at -70°C. 

Two positive-hybridising plaques were obtained from screening of the random-primed library 
(containingcDNAinsertscomprising561 base pairs andl600 base pairs in length, respectively), and 
one positive-hybridising plaque was obtained from the screening of the oligo-dT primed library 
(containing a cDNA insert comprising approximately 3400 base pairs in length). pBluescript 
phagemids containing cDNA inserts were excised in vivo from these positive plaques using the 
Exassist Helper Phage system (Stratagene). 
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The nucleotide sequences of the isolated cDNA clones were obtained using the USB Sequenase 
Version2.5Kit. Sequence dataobtained indicated that the 561 bp and 1600bpcDNAs encode amino 
acid sequences comprising the important DNA-binding domain and the hormone-binding domain 
of the EcR polypeptide subunit of the L. cuprina ecdysone receptor, whilst the 3400 bp cDNA 
comprises an entire 2274 bp open reading frame encoding the EcR polypeptide subunit of the L. 
cuprina ecdysone receptor. Accordingly, the 3400 bp cDNA is a full-length cDNA clone. The 
nucleotide sequence of the open reading frame and 3 '- untranslated region is set forth herein as SEQ 
ID NO: 1. The derived amino acid sequence of the EcR polypeptide subunit of the L. cuprina 
ecdysone receptor encoded by this open reading frame is set out in SEQ ID NO: 2. 



EXAMPLE 7 

First attempt at cloning and characterization of a cDNA molecule encoding 
the EcR polypeptide of the M. persicae ecdysone receptor 

Direct screening of a M. persicae cDNA library was not effective in isolating a full-length cDNA 
encoding the EcR polypeptide of the M. persicae ecdysone receptor. 

DNA encoding the DNA-binding domain of the EcR polypeptide of the M. persicae ecdysone 
receptor was isolated successfully, by amplification as described in Example 6 for the amplification 
of the homologous L. cuprina fragment. The amplified DNA was cloned intojsBluescript SK+ and 
the nucleotide sequence of the cloned insert was obtained using the USB Sequenase version 2.0 Kit, 
as described in Example 6. 



25 Based upon the nucleotide sequence of the amplified DNA fragment, two authentic primers were 
synthesized as follows: 

Mdnal (23mer): 5 '- GCCTCGGGGTATCACTATAACGC -3 ' (i.e. SEQIDNO:17); and 
Mdna2 (23mer): 5 '- GCACTCCTGACACTTTCGTCTCA -3 ' (i.e. SEQ ID NO: 1 8). 
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Hybridisation probe preparation 

For M. persicae probe preparation, the amplified 105 bp DNA insert was excised from the 
/>Bluescript SK+ vector using EcoRI and BamHI, and 32 P-labelled using the GIGAprime DNA 
Labelling Kit (BresaGen Limited, Adelaide, Australia) essentially according to the manufacturer's 
5 instructions, except that random primers were replaced with the specific primers Mdnal and Mdna2 
(see above). Unincorporated label was removed by size exclusion chromatography over Biogel-P60 
(Biorad Ltd, Sydney, Australia). The probe was used at 10 6 cpm/ml in hybridizations. 

Construction and screening of M. persicae cDNA libraries: 
1 0 Two independent M. persicae cDNA libraries derived from late third instar M. persicae larvae were 
prepared by random priming and oligo-dT priming respectively, and cloned into the EcoRI site of 
theZa W 6^Za /? //vector(Stratagene).Theprimarylibrariesgenerated were subsequently amplified 
according to the manufacturer's instructions, using standard protocols. 
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Both cDNA libraries generated are superior to existing M. persicae libraries in terms of their phage 
titre (i.e. pfu/ml) and insert sizes (0.5 - 4 kbp in both cases). In particular, the primary oligo-dT- 
primed library comprised 1 x 1 0 7 pfu, whilst the amplified oligo-dT primed library comprised 1 x 
10' °pfu/ml; the primary random-primed library comprised 1 x 10 6 pfu, whilst the amplified random- 
primed library comprised 2x10" pfu/ml. 



Additionally, a further cDNA library was produced in the Lambda ZAP Express insertion vector 
(Stratagene). To produce this library, cDNA derived from late third instar M. persicae larvae was 
prepared by oligo-dT priming and cloned directionally into £coRI-XhoI digested vector DNA. The 
primary library comprised 1 x 1 0 6 pfu, whilst the amplified oligo-dT primed library comprised 1 x 
25 1 0 9 pfu/ml, with insert sizes in the range 0.5 - >4 kbp. 

The random-primed M. persicae cDNA phage library was screened as described in Example 6, using 
the M. persicae hybridisation probe prepared as described above. 
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A single positive-hybridising plaque was isolated and sequenced according to standard procedures. 
The nucleotide sequence of this clone is set forth herein as SEQ ID NO:5. This cDNA clone 
comprises a 585bp protein-encoding sequence which encodes the DNA-binding domain of a EcR 
polypeptide of a putative M. persicae ecdysone receptor. The amino acid sequence encoded by this 
partial cDNA clone is set forth herein as SEQ ID NO: 6. 
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EXAMPLE 8 

Second attempt at cloning and characterization of a cDNA molecule encoding 
the EcR polypeptide of the M. persicae ecdysone receptor 

Hybridi sation prohe preparation 

Further hybridisation probes specific for the EcR polypeptide of the M. persicae ecdysone receptor 
were generated using PCR from the Lambda ZAPII oligo dT-primed library using primers API and 
AP2. The forward primer API was designed to anneal to nucleotide sequences of the partial cDNA 
(SEQ ID NO:5) encoding part of the first zinc finger motif present in the DNA-binding domain The 
reverse primer, AP2, was adapted from degenerate primers designed to anneal to nucleotide 
sequences complementary to mose encoding an EcR ligand binding domain (Kamimura^ a/., 1996). 
The nucleotide sequences of primers API and AP2 are as follows: 

Primer API : 5'- TCGTCCGGTTACCATTACAACGC -3' (SEQ ID N019)- and 
Primer AP2: 5'- TAGACCTTTGGC(A/G) AA(C/T)TC(A/ G/ C/T)AC AAT -3 '(SEQ ID NO:20) 

The PCR reaction mixture contained 4 ul of each primer (50 pm/ul), 5 ul of deoxynucleotide 
triphosphate mix (2mM), 1 ul of aphid oligo dT primed Lambda ZAPII cDNA library 1 ul of 
recombinantP/ M DNAPolymerase (5 units/ul, Stratagene®), 5 ul of 10x P/ M buffer (Stratlgene®) 
and 30 ul of MilliQ water. The Pfu polymerase was used in this reaction because it possesses proof- 
reading activity, which reduces the possibility of misincorporation of nucleotides. The PCR 
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conditions included 42 cycles, each cycle comprising annealing at 55°C, extension at 72°C and 
melting at 94 °C. 



The major amplification product obtained in this reaction was gel-purified, kinased and ligated into 
5 theSmaIsiteofpUC18. 

ToscreenM^/ca^^^ 

non-overlapping probes, designated "EcRprobe 1 - (i.e. SEQ ID NO:7) and "EcRprobe 2" (i.e. SEQ 
ID NO:8). In this regard, digestion of the cloned product with Sphl produced a DNA fragment 
comprising a nucleotide sequence specific for a region encoding the DNA-binding domain (EcR 
probe 1 ; SEQ ID NO: 7), whilst digestion with Sphl/EcoRl produced a DNA fragment comprising 
a nucleotide sequence having homology to a region encoding a putative linker domain, designated 
domain D, and the 5 '-end of a putative hormone-binding domain, present in the EcR polypeptide of 
the insect ecdysone receptors (EcR probe 2, SEQ ID NO: 8). 
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EcR probe 1 and EcR probe 2 were labelled with [a- 32 P]dATP in a reaction catalysed by Klenow 
fragment. All reagents were components of a GIGAprime DNA labelling kit (BresaGen Limited, 
Adelaide, Australia), except that the random primers were replaced with specific oligonucleotides' 
synthesized to be complementary to the ends of EcR probe 1 and EcR probe 2. 

Screening of M. ne.rsir.np. cDNA librari^ 

480,000 plaques from the oligo dT primed Lambda Zap Express cDNA library (Example 7) were 
screened as described above, using EcR probe 1 . This approach yielded about 300 positive clones. 
Positive-hybridising clones were pooled andrescreened separately using EcR probe 1 and EcR probe 
2, on duplicate lifts. Only four plaques were identified which hybridised to both probes. One of 
these was found by sequencing to contain a full-length cDNA encoding the EcR polypeptide of the 
M. persicae ecdysone receptor. The nucleotide sequence of the open reading frame of this cDNA is 
set forth herein as SEQ ID NO: 9. The derived amino acid sequence of the EcR polypeptide subunit 
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of the M. persicae ecdysone receptor encoded by this open reading frame is set out in SEQ ID NO: 
10. 



10 



15 



20 



25 



EXAMPLE 9 

In vivo function of recombinant EcR polypeptides of the 
L. cuprina ecdysone receptor 

Construction of plasmid pF3 

Plasmid pF3 was constructed in four steps as follows: 

First, plasmid P 5S1, comprising the full-length cDNA encoding the EcR polypeptide of the L. 
cuprina ecdysone receptor , was digested with Earl and a 3 ' Earl cDNA fragment thus generated, 
encoding the C-terminal end of the EcR polypeptide of the L. cuprina ecdysone receptor, was end- 
filled and sub-cloned into the Hindll site of pUC 1 9, to construct plasmid pEAR. In plasmid pEAR, 
the 3' end of the cDNA was oriented towards the Kpnl site of the pUC19 vector. 

Second, plasmid p5Sl was also digested separately with: 

(1) Apol and Pstl, to isolate the 5' end of the cDNA as a 179 bp fragment (fragment A); 

(2) Pstl and Spel, to isolate a 1650 bp cDNA fragment (fragment B); and 

(3) Spel and BgRl, to isolate a 203 bp fragment (fragment C). 

Third, plasmid pEAR was digested with BgUl and Kpnl, to isolate the 3' end of the cloned cDNA 
fragment therein as a 313 bp fragment (fragment D). 

Fourth, DNA fragments A, B, C and D were each isolated by agarose electrophoresis and ligated 
together into P BluescriptSK+, which had been digested with EcoRI and Kpnl, to produce plasmid 
pF3. 
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Plasmid pF3 thus contains the complete open reading frame of the cDNA encoding the EcR 
polypeptide of the L. cuprina ecdysone receptor, as a 2368 bp fragment located between two BamRl 
sites. 



Construction of plas mid dSGLcEcR and plasmid pLcKK 

Plasmid pSGLcEcR was constructed by cloning the 2368 bp BamUl fragment from pF3, into the 
BamHl site of the mammalian expression vector pSG5 (Stratagene). Plasmid P LcK8 is a clone of 
pSGLcEcR. 

Construction of plasmid pSGDmEcR 

Plasmid pSGDmEcR is identical to plasmid pSV40-EcR (Example 1) comprising the EcR 
polypeptide of the D. melanogaster ecdysone receptor placed operably under control of the SV40 
promoter. 

Transfection of CHO cells 

CHO cells were co-transfected with a mixture comprising the following DNAs, lysed and assayed 
for CAT and P-galactosidase enzyme activity, as described in the preceding Examples: 

(1) one of the expression plasmids designated pSGDmEcR, or pSGLcEcR, or the parental 
expression plasmid pSG5 as a negative control, at a concentration of 1 ug/ml; and 

(2) the CAT reporter plasmid p(EcRE) 5 CAT at a concentration of 1 ug/ml; and 

(3) an independent LacZ reporter plasmid, pPGKLacZ, at a concentration of lug/ml, included 
as a control to monitor transfection efficiency . 

CAT reporter gene expression was induced with 10 uM or 50 uM Muristerone A. In control 
samples, cells received only the carrier ethanol in place of Muristerone A. 

ELISA was used to quantify the synthesis of CAT and p-galactosidase enzymes, in extracts of cells 
forty eight hours after transfection. Account was taken of the variation between experiments, by 
normalizing the level of CAT enzyme to the level of P-galactosidase enzyme present in the same 
extract. Fold induction represents the normalized values for CAT gene expression in cells 
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transfected with pSGDmEcR, pSGLcEcR or pSG5 in the presence of hormone divided by the 
normalized values for CAT gene expression in cells transfected with the same plasmid but in the 
absence of hormone. The average values of three independent experiments are shown in Figure 1 
and the error bars indicate standard error of the mean. 

Data shown in figure 1 indicate that the EcR polypeptide of the L. cuprina ecdysone receptor from 
Example 3 is biologically active in vivo. CAT induction is observed at both 50 uM and 10 urn 
steroid (Muristerone A), with about 30 and 15 fold induction respectively. In view of the in vivo 
activity of the EcR polypeptide of the L. cuprina ecdysone receptor obtained according to this 
protocol, potential insecticidal substances acting by interaction with an insect steroid receptor, such 
as an ecdysone receptor, are screened by addition of the substances to the in vivo assay described 
herein. Substances are added in an amount from 0.05 uM to 100 uM. Candidate insecticidal 

compounds are identified by meir ability to modulate me reporter gene expression which results from 
trans-activation by the EcR polypeptide of the L. cuprina ecdysone receptor. 



EXAMPLE 10 
Chimeric EcR polypeptides of insect ecdysone receptors 

Chimeric ecdysone receptors comprising regions derived from EcR polypeptides of ecdysone 
receptors of different species are produced and assayed for enhanced activity. In a particularly 
preferred embodiment, a chimeric ecdysone receptor is produced using the EcR polypeptides of the 
D. melanogaster, M. persicae and L. cuprina ecdysone receptors. 

In one exemplification of this embodiment, plasmids pSGLD and pSGDL are produced comprising 
coding regions derived from the EcR polypeptides of the D. melanogaster andZ. cuprina ecdysone 
receptors. In plasmid pSGLD, the 5 ^endofthe open reading frame of the D. We / fl « 0 ^/- sequence, 
encoding the N-terminal portion of the EcR polypeptide of the D. melanogaster ecdysone receptor 
to the end of the DNA-binding domain of said polypeptide, is fused to the 3 '-end of the open reading 
frame of the L. cuprina sequence, encoding the C-terminal portion of the EcR polypeptide of the 
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L. cuprina ecdysone receptor, from the D domain and hormone-binding domain to the carboxyl 
terminus. In plasmid pSGDL, the 5'-end of the open reading frame of the L. cuprina sequence, 
encoding the N-terminal portion of the EcR polypeptide of the L. cuprina ecdysone receptor to the 
end of the DNA-binding domain of said polypeptide, is fused to the 3 '-end of the open reading frame 
of the D. melanogaster sequence, encoding the C-terminal portion of the EcR polypeptide of the D. 
melanogaster ecdysone receptor, from the D domain and hormone-binding domain to the carboxyl 
terminus. These plasmids thus encode chimeric EcR polypeptides which form ecdysone receptor 
variants. 

As shown in Figure 2, chimeric EcR polypeptides of L. cuprina and D. melanogaster ecdysone 
receptors, comprising fusion polypeptides between the DNA-binding domains and hormone-binding 
domains of the base L. cuprina and D. melanogaster polypeptides, exhibit bioactivity when 
measured in the CAT assay described above. Significant bioactivity of the chimeric EcR 
polypeptides encoded by plasmids pSGLD and pSGDL, comparable to the bioactivity of the D. 
melanogaster base EcR polypeptide, is observed at both 10 uM and 50 uM concentrations of 
Muristerone A. 



EXAMPLE 11 

20 Isolation and characterisation of a full-length cDNA encoding the EcR partner protein 

(USP polypeptide) of the L. cuprina ecdysone receptor 

The EcR partner protein (USP polypeptide) subunit of the L. cuprina ecdysone receptor also 
functions alone as a USP polypeptide of the L. cuprina juvenile hormone receptor. A cDNA 
encoding both receptor polypeptide activities was isolated using PCR and hybridisation as follows. 
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Hybridisation probe preparation 

A 150 base-pair probe, specific for genetic sequences encoding the EcR partner protein (USP 
polypeptide) subunit of insect ecdysone receptors and/or the USP polypeptide subunit of insect 
juvenile hormone receptors (SEQ ID NO: 1 3), was isolated by PCR from L. cuprina genomic DNA 
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usingthedegenerate primers described by Tzertzinis** a/. (1994). The PCR reaction conditions 
as described in Example 6, except that Pfu polymerase was used in place of Taql polymerase 



were 



TheamplifiedDNAfragmentwas sub-cloned into EcoW and CM double-digested /^Bluescript SK+ 
vector (Stratagene), after double-digestion of the fragment using the enzymes EcoRl and Clal, 
purification of the amplified fragment by agarose gel electrophoresis, and electro elution of the' 
product band. The nucleotide sequence of the probe was obtained using the USB Sequenase version 
2.0Kit(SEQ ID NO: 13). 

10 For probe preparation, the amplified L. cuprina DNA fragment was excised from the vector using 
EcoRI and Sail, gel purified and ^-labelled using the GIGAprime DNA Labelling Kit (BresaGen 
Limited, Adelaide, Australia) essentially according to the manufacturer's instructions except that 
random primers were replaced with the two degenerate primers described by Tzertzinis et al. ( 1 994) 
(see above). Unincorporated label was removed by size exclusion chromatography over Biogel-P60 
(Biorad Ltd, Sydney, Australia). The probe was used at 10 6 cpm/ml in hybridizations. 

Screening of 1. c uvrina cDNA libraries 

The L. cuprina cDNA library described above (Example 6) was screened with the amplified probe 
as described in Example 6. The nucleotide sequence of the full-length open reading frame of this 
cDNA molecule and amino acid sequence therefor, are set forth herein as SEQ ID NO: 3 and SEQ 
ID NO: 4, respectively. 



EXAMPLE 12 
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Isolation and characterisation of a partial cDNA encoding the EcR partner protein (USP 
polypeptide)of the M. persicae ecdysone receptor 

The EcR partner protein (USP polypeptide) subunit of the M. persicae ecdysone receptor also 
functions alone as a USP polypeptide of the M. persicae juvenile hormone receptor. To isolate a 
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partial cDNA encoding both receptor polypeptide activities, a 1 40 bp probe was amplified from M. 
persicae genomic DNA, by PCR, using the two degenerate primers described by Tzertzinis et 
a/.(1994) (see preceding Example). The PCR reaction conditions were as described in Example 6, 
except that Pfu polymerase was used in place of Taql polymerase. 

The amplified DNA fragment was sub-cloned into EcoW and Clal double-digested />Bluescript SK+ 
vector (Stratagene), after double-digestion of the fragment using the enzymes EcoW and CM, 
purification of the amplified fragment by agarose gel electrophoresis, and electro elution of the 
product band. 

The nucleotide sequence of the insert in thepBluescript SK+ vector was obtained using automated 
fluorescent dye terminator sequencing (SUPAMAC, Sydney Australia). 

Hybridisation probe pre paration and library screening 

For probe preparation the amplified M. persicae DNA insert was cut out of thepBluescriptf vector 
with EcoW and Sail, gel purified and ^-labelled using the GIGAprime DNA Labelling Kit 
(Bresatec Limited, Adelaide, Australia) essentially according to the manufacturer's instructions 
except that random primers were replaced with the degenerate primers described by Tzertzinis et 
*/.(1994) (see preceding Example). Unincorporated label was removed by size exclusion 
chromatography over Biogel-P60 (Biorad Ltd, Sydney, Australia). The probe was used at 10* 
cpm/ml in hybridizations to screen the M. persicae cDNA library as described in Examples 7 and 



The positive-hybridising clones were plaque-purified and sequenced using standard procedures as 
described herein. The nucleotide sequence of the open reading frame of the full-length cDNA 
encoding the partner protein (USP polypeptide) subunit of the M. persicae ecdysone receptor or 
theUSP polypeptide of the M. persicae juvenile hormone receptor is set forth herein as SEQ ID NO: 
1 1. The derived amino acid sequence of this open reading frame is set forth as SEQ ID NO: 12. 
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EXAMPLE 13 

A construct for the baculovirus-directed co-expression of functional ligand-binding regions 
of the EcR polypeptide and partner protein (USP polypeptide) of the D. melanogaster 

ecdysone receptor 

A vector was prepared to facilitate the baculovirus-directed co- expression of ligand-binding regions 
derived from the EcR polypeptide and partner protein (USP polypeptide) of the D. melanogaster 
ecdysone receptor, the protein products of which associate on co-expression to form a functional 
hormone-binding complex. The associated proteins are then used in high through-put assays or three- 
dimensional structural analysis. We have found that the ligand-binding domain, together with most 
of the linker domain of the EcR polypeptide subunit and of the EcR partner protein (USP 
polypeptide), are sufficient to associate to form a functional hormone-binding complex. 

1. Isolation of the lip and -binding region and linker rep i™ n f the EcR p nl yp^tide nf ih. n 

15 melanogas ter ecdvsone receptor. 

A Sac I- Hindlll fragment encoding most of the linker (domain D) and all of the ligand-binding 
domain (domains E and F) of the EcR polypeptide of the Drosophila melanogaster ecdysone 
receptor was excised from a plasmid comprising DNA encoding the complete EcR polypeptide 
(Koellee^/. 1991). The excised fragment was cloned into fed-^dlll-digested expression vector 

10 pQE3 1 (Qiagen), to produce the plasmid vector pQE3 1 DmECR. 

2 . Construction of a haculovirus expressing the linker rep i on s of EcR ™H USP nolvp ^ptiH^c 
A baculovirus was constructed for the co-expression in insect cells of: 

(i) a cDNA region comprising a nucleotide sequence which encodes at least the ligand- 
binding domain and much of the linker domain of the EcR polypeptide of the D. 
melanogaster ecdysone receptor isolated as described at paragraph (1) above; and 

(ii) a cDNA region comprising a nucleotide sequence which encodes at least the ligand- 
binding domain and much of the linker domain of the partner protein (USP polypeptide) of 
the D. melanogaster ecdysone receptor. 
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To produce this baculovirus, a EcoR I - Hindlll fragment was excised from pQE3 lDmECR, said 
fragment encoding an oligo-His tag, and most of the linker domain, together with all of the ligand- 
binding domain of EcR polypeptide. This EcoR I - Hindlll fragment was ligated into EcoR I - 
Hindlll cleaved pFastBacDUAL, to produce the plasmid pDmEcR.DUAL. To insert gene sequences 
specific for the partner protein (USP polypeptide), the Hindll - Nsil fragment encoding most of the 
linker and all of the ligand-binding domain of the partner protein (USP polypeptide) was excised 
from a full-length cDNA clone in plasmid pZ7- 1 (supplied by Vince Henrich) and ligated into Ncol - 
Nsil cleaved pDmEcR.DUAL. A nucleotide sequence encoding a "FLAG" peptide was 
subsequently incorporated upstream of, and in the same reading frame as, the nucleotide sequence 
encoding the linker and ligand-binding regions of the partner protein (USP polypeptide), by ligation 
intotheunique^mal site, thereby producing the plasmid pDmEcR.USP.DUAL. Plasmids containing 
the FLAG-encoding nucleotide sequence in the correct orientation were selected by nucleotide 
sequence determination. 



15 The segment of pDmEcR.USP.DUAL which encodes the tagged linker and ligand-binding regions 
of the EcR polypeptide and partner protein (USP polypeptide) sequences, placed operably under the 
control of polyhedrin and pi 0 promoters, respectively, was recombined into a baculovirus genome, 
by employing the Tn7 transposition system (Luckow et al, (1 993). The polypeptide products were 
then co-expressed in insect SGI and Sf9 cells, where they associated into a functional complex. 
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Expression of the tagged linker and ligand-binding regions of the EcR polypeptide and partner 
protein (USP polypeptide) sequences was examined by immunoblot analysis of extracts derived from 
insect Sf21 cells infected with the recombinant baculovirus, employing antibodies directed against 
the oligo-His and FLAG tags. This analysis detected bands on immunoblot analysis of approximately 
thepredictedsizesfortheexpressed tagged linker and ligand-binding regions ofthe EcR polypeptide 
and partner protein (USP polypeptide). 

The protein detected by anti-oligo-His-antibodies was enriched by affinity purification on nickel- 
NTA resin (Qiagen), and the FLAG-labelled protein was affinity-purified using FLAG M2 Affinity 
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Gel (Kodak). It was further demonstrated that the oligo-His-tagged EcR polypeptide and the FLAG- 
tagged EcR partner protein (U SP polypeptide) bound as a hetero-oligomeric complex to FLAG M2 
Affinity Gel (Kodak). 

Furthermore, binding assays, performed using a modification of the method of Yund etal (1978), 
demonstrated a highly-significant increase in the binding of the a labelled ecdysone analogue, 
[ 3 H]ponasterone A, in cells infected by the recombinant baculovirus, compared to the binding 
observed for the naturally-occurring ecdysone holoreceptor in L. cuprina embryos. In contrast, cells 
infected by a control virus displayed neither antibody-positive bands on western analysis, nor 
specific binding of [ 3 H] ponasterone A, above background levels. These data indicate correct folding 
and association of the variant polypeptides comprising the linker and ligand-binding regions of the 
D. melanogaster EcR polypeptide and D. melanogaster partner protein (USP polypeptide). The 
correctly-folded and associated complex formed by the truncated Ecr polypeptide and truncated EcR 
partner protein (USP polypeptide), is used for X-ray and NMR structural analysis and for high- 
15 throughput screens. 
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EXAMPLE 14 

Construct for the baculovirus-directed co-expression of functional ligand-binding regions 
of the EcR polypeptide and partner protein (USP polypeptide) of the L. cuprina ecdysone 

receptor 



A vector for the baculovirus-directed co- expression of ligand-binding domains derived from the 
EcR polypeptide and partner protein (USP polypeptide) of the L. cuprina ecdysone receptor was 
25 prepared essentially as described in the preceding Example. 



67 



1 . Isolation of the ligand-binding region and linker r egion of the Fr.R polypeptide nf the L. cuprina 
ecdvsone receptor. 

A Sphl - Kpnl fragment encoding most of the linker (domain D) and all of the ligand-binding 
domain (domains E and F) of the EcR polypeptide of the L. cuprina ecdysone receptor was excised 
5 from a cDNA clone encoding the complete EcR polypeptide and cloned into the Sphl - Kpnl cleaved 
expression vector pQE32 (Qiagen), to produce the plasmid P QE32LcEcR. 

2. Isolation of the ligand-binding region and linker r e gion of the p ar tner protein (\ TSP polypep tide) 
of the L. cuprina ecdvsone receptor. 

10 A DNA fragment encoding most of the linker domain and all of the ligand-binding domain of the 
partner protein (USP polypeptide) of the L. cuprina ecdysone receptor was sub-cloned to produce 
the plasmid pBLUl. 

3. Construction of a baculovirus expressing the linker regions of L. cu prin a EcR and USP 
15 polypeptides 

A baculovirus was constructed for the co-expression in insect cells of: 

(i) a cDNA region comprising a nucleotide sequence which encodes at least the ligand- 
binding domain and much of the linker domain of the EcR polypeptide of the L. cuprina 
ecdysone receptor isolated as described at paragraph (1) above; and 
20 (") a cDNA re § ion comprising a nucleotide sequence which encodes at least the ligand- 

binding domain and much of the linker domain of the partner protein (USP polypeptide) of 
the L. cuprina ecdysone receptor isolated as described at paragraph (2) above. 

To produce this baculovirus, a£coR l-Pstl fragment derived from plasmid P QE32LcEcR, encoding 
25 an oligo-His tag and most of the linker domain together with all of the ligand-binding domain of the 
L. cuprina EcR polypeptide was ligated into EcoRI-Pstl cleaved pFastBac.DUAL, to produce the 
plasmid pLcEcR.DUAL. An Avall-EcoRV fragment, encoding most of the linker and all of the 
ligand-binding domain of L. cuprina partner protein (USP polypeptide) was excised from plasmid 



68 



10 



15 



25 



pBLUl and ligated, together with a "FLAG" encoding sequence into the Pvull site of 
pLcEcR.DUAL, to produce plasmid pLcEcR.USP.DUAL . 

The segment of pLcEcR.USP.DUAL which encodes the tagged linker and ligand-binding regions 
of the EcR polypeptide and partner protein (USP polypeptide) sequences, placed operably under the 
control of polyhedrin and pi 0 promoters, respectively, was recombined into a baculovirus genome, 
by employing the Tn7 transposition system (Luckow et al, (1 993). The polypeptide products 
then co-expressed in insect Sf21 and Sf9 cells, where they associated into a functional complex. 



were 



Expression was examined by immunoblot analysis. Antibodies directed against oligo-His and FLAG 
tags detected bands on immunoblot analysis of approximately the predicted sizes for the expressed 
EcR and USP polypeptide regions respectively, in extracts from insect Sf21 cells infected with the 
recombinant baculovirus. The protein detected by anti-oligo-His was greatly enriched utilising a 
nickel-NTA resin (Qiagen) and the FLAG-labelled protein purified on FLAG M2 Affinity Gel 
(Kodak). It was also demonstrated by immunoblot analysis that oligo-His-tagged L. cuprina 
truncated EcR polypeptides and FLAG-tagged L. cuprina truncated EcR partner protein (USP 
polypeptide) bind as a hetero-oligomeric complex to FLAG M2 Affinity Gel (Kodak). 

Furthermore, binding assays, carried out by a modification of the method of Yund et al (1978), 
20 demonstrated a highly-significant increase in the binding of the tritiated ecdysone analogue, 
ponasterone A, in cells infected by recombinant virus indicating correct folding and association of 
the two protein subunits (Figure 3), greater than that of the ecdysone holoreceptor in L. cuprina 
embryos. Cells infected by a control virus displayed neither antibody-positive bands on western 
analysis nor specific binding of tritiated hormone above background. 



Expression of the tagged linker and ligand-binding regions of the L. cuprina EcR polypeptide and 
partner protein (USP polypeptide) sequences was examined by immunoblot analysis of extracts 
derived from insect Sf21 cells infected with the recombinant baculovirus, employing antibodies 
directed against the oligo-His and FLAG tags. This analysis detected bands on immunoblot analysis 
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of approximately the predicted sizes for the expressed tagged linker and ligand-binding regions of 
the L. cuprina EcR polypeptide and partner protein (USP polypeptide). 

The protein detected by anti-oligo-His-antibodies was enriched by affinity purification on nickel- 
NTA resin (Qiagen), and the FLAG-labelled protein was affinity-purified using FLAG M2 Affinity 
Gel (Kodak). 

Furthermore, binding assays, performed using a modification of the method of Yund et al (1978), 
demonstrated a significant increase in the binding of the labelled ecdysone analogue, [ 3 H] 
ponasterone A, in cells infected by the recombinant baculovirus, compared to the binding observed 
for the naturally-occurring ecdysone holoreceptor in L. cuprina embryos (Figure 3). In contrast, cells 
infected by a control virus displayed neither antibody-positive bands on western analysis, nor 
specific binding of [ 3 H] ponasterone A, above background levels. 

These data indicate correct folding and association of the variant polypeptides comprising the linker 
and ligand-binding regions of the L. cuprina EcR polypeptide and L. cuprina partner protein (USP 
polypeptide). The correctly-folded and associated complex formed by the truncated Ecr polypeptide 
and truncated EcR partner protein (USP polypeptide), is used for X-ray and NMR structural analysis 
and for high-throughput screens. 
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EXAMPLE 15 

A construct for the expression of the ligand-binding region of the USP polypeptide of the L. 

cuprina juvenile hormone receptor 



» remove 



The donor plasmidpLcEcR.USP.DUAL (Example 14) was digested with^HII and Pstl to i 
the L. cuprina EcR polypeptide-encoding segment therein, thereby leaving the tagged linker and 
ligand-binding regions of the L. cuprina USP polypeptide-encoding nucleotide sequence. The 
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digested plasmid was blunt-ended using T4 DNA polymerase and Klenow polymerase, isolated by 
gel purification, and finally re-ligated to produce the plasmid pLc.USP. SINGLE. 

To produce recombinant baculovirus capable of expressing the tagged linker and ligand-binding 
5 regions of the USP polypeptide, the segment of pLc.USP. SINGLE encoding this polypeptide and the 
plO promoter sequence to which said segment is operably connected, is recombined into a 

baculovimsgenomeemployingtheTn7transpositionsystem(Luckow e M/.,1993).Thepolypeptide 
product is then expressed to form a functional juvenile hormone-binding polypeptide and preferably, 
a modulator of a juvenile hormone receptor. The correctly-folded truncated USP polypeptide is used 
1 0 for X-ray and NMR structural analysis and for high-throughput screens. 
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EXAMPLE 16 

In-vitro Screening for the Detection of Insecticidal Compounds 

The EcR partner protein (USP polypeptide) of the insect ecdysone receptor and USP polypeptide of 
the insect juvenile hormone receptor of the present invention, optionally associated with the EcR 
polypeptides of insect ecdysone receptors of the present invention as described in the preceding 
Examples, are coupled to pins according to the procedure of Geysen etal. (1987), and reacted with 
candidate insecticidal compounds, generally at a concentration in the range from about 0.05 uM to 
about 100 uM of the candidate compound. The binding of compounds is detected using standard 
procedures, and compounds having insecticidal activity are identified. Preferably, such compounds 
exhibit insecticidal activity against a range of insects, including diptera, hemiptera, coleoptera, ants, 
andmoths, amongst others. More preferably, the compounds will exhibit insecticidal activity against 
L. cuprina, M. persicae, D. melanogaster, scale insect, white fly, and leaf hopper, amongst others. 
In a particularly preferred embodiment, insecticidal compounds are specific to L. cuprina and/or M. 
persicae and close relatives thereof. 
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EXAMPLE 17 

Cloned Myzus persicae EcR/USP complex binds ponasterone A in vitro. 

In vifro-translated Myzus persicae EcR (MpEcR) polypeptide and an in Wfro-translated M.persicae 
USP (MpUSP) polypeptide were produced labelled with [ 35 S]Methionine, using the Promega TNT- 
Coupled Reticulocyte Lysate System. Each batch of lysate contained 100-200 mg/ml of endogenous 
proteins (using BS A as a standard). The products were analysed by SDS-PAGE and radioautography . 
The results confirmed that the cloned cDNAs encode proteins of the sizes predicted from the length 
of putative open reading frames of the cDNAs present in plasmids pMpEcR and pMPUSP. The 
yields of EcR and USP were similar as assessed by SDS-PAGE. 



In functional assays, DNA plasmids pMpEcR (AGAL Accession No. NM99/04567; 1 mg) or 
pMpUSP(AGALAccessionNo.NM99/04568; 1 mg), which have been constructed usingthe vector 
pBK-CMV, and 1 ml of appropriate TNT RNA Polymerase were added to 48 ml of reaction mix 
which contained TNT Lysate, TNT Reaction Buffer, amino acid mixture, Rnasin Ribonuclease 
Inhibitor and nuclease-free water in volumes specified in the manufacture r s protocol. In control 
reactions, a Luciferase T3 control DNA (Promega) was used in place of pMpEcR or pMpUSP. T7 
RNA Polymerase was used for transcription of the M. persicae EcR RNA from plasmid pMpEcR, 
whilst T3 RNA Polymerase was used for transcription of M. persicae USP RNA from the plasmid 
pMpUSP and the Luciferase T3 control DNA. The reactions were carried out for 90 minutes at 3 0 0 C 

The control reaction produces 150-500 ng of luciferase per 50 ml reaction. 

The ecdysteroid binding activities of an in v/fro-translated Myzus persicae EcR (MpEcR) 
polypeptide and an in v/>o-translated complex of the M.persicae EcR and USP polypeptides were 
produced from the RNAs using the TNT-Coupled Reticulocyte Lysate System (Promega). 
The mixtures were stored at -20 °C overnight. 
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After thawing the translation products, 1 5 ml aliquots of the reaction mixture containing M.persicae 
EcR and USP polypeptides were combined to promote formation of the EcR/USP complex. For 
assays of individual proteins, 1 5 ml of the reaction mixture containing M.persicae EcR polypeptide 
or 15 ml of the reaction mixture containing M.persicae USP polypeptide was combined with 15 ml 
of control luciferase protein reaction mixture. Samples were each diluted to 435 ml with EcR40 
buffer [40 mM KC1, 25 mM HEPES pH 7.0, 1 mM EDTA, ImM DTT, BSA(0.5mg/ml), 10% 
glycerol] to allow for triplicates in the ligand binding assay. A control reaction (Blank) was 
established which contained EcR40 buffer only. An aliquot (140 ml) of each diluted sample was 
incubated with tritiated ponasterone A (DuPont NEN, Batch Number 3281108) at a final 
concentration of 2.2 nM for 90 min at room temperature. After incubation, the ligand binding 
reactions were placed on ice. The samples were pipetted onto Whatman GF/C filters and incubated 
for 30 sec. The filters were then placed on a vacuum sinter, washed with 10 ml EcR40 buffer and 
transferred to scintillation vials. After adding 7 ml of InstaGel Plus to each vial, the contents were 
vortexed and left at room temperature until the filters became transparent. The receptor bound ligand 
1 5 was quantified using a TriCarb 2 1 00TR scintillation counter. 

The results depicted in Figure 4 indicate that significantly higher amounts of ponasterone A bind to 
the complex than to either the USP or EcR polypeptides alone. 

20 Each reference cited herein is incorporated by reference to the extent that it is not inconsistent with 
the present disclosure. 
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